


Somedav all terminals will be smart••••••• 
+ 128 Functions- software controlled • 82 x 16 or 92 x 22 format - plus graphics 
• 7 x 12 matrix, upper/lower case letters + Printer output port 
+ 50 to 38,400 baud- selectable + "CHER RY" keyboard 

CT-82 Intell igent Termina l, assembled and tested . ......$795.00 ppd in Cont. U.S. 

SOUT HWEST TECHN ICAL PRODUCTS CORPO RATION 
219 W. RHAPSODY 
SAN ANTON IO, TEXAS 782 16 
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Here's how you can be fully computerized 

for so much less than you thought 


BUSINESS- EDUCATION -ENGINEERING - MANUFACTURING 

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

Naturally, it's from Cromemco. 
This new multi-user system will do 

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

Look at these features: 
• 	 You can have up lo 7 terminals plus 

a fast, 132-column line printer 
• 	 You can have a large system RAM 

memory that's expandable to 112 
megabyte using the Bank Select 
feature 

• 	 Each user has an independent bank 
of RAM 

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

• 	 You have confidentiality between 
most stations 

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

Circle 80 on inquiry card. 

PROGRAMMERS LOVE OUR BASIC 
This new system is based on Cro

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

Programmers tell us that Cromemco 
Multi-User BASIC is the best in the field. 
Here are some of its attractions: 
• You can use long variable names 

and labels up to 31 characters long 
- names like "material on order" 
or "calculate speed reduction." 

• You get many unusual and helpful 
commands that simplify programs 
and execution  commands such as 
PROTECT, LIST VARIABLES, NOLIST, 
and many more. 

Crornerneo 
ncorporated 

Microcomputer Systems 

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

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

• 	 The conveniences in this Mu/Ii-User 
BASIC make it much easier to write 
your own application software. 

• 	 A line editor simplifies changes. 
BENCHMARK IT - NOW 

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

Find out, too, about Cromernco's rep
utation for quality and engineering. 

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

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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COMPLETE COM PUTER 
In this advanced card you gel a pro

fess ional quality computer that meets 
today's engin eering needs. And it's one 
that's complete. It lets you be up and 
running fas t. All you need is a power 
supply and your ROM software. 

The computer itse lf is super. Fast 
4 MH z operati on. Capacity for BK by tes 
of ROM (uses 2716 PROMs which can 
be programmed by our new 32K BYTE
SAVER® PROM card). There's also 1 K o f 
on-board static RAM. Fu rther, you get 
straightforwa rd interfacing th rough an 
RS-232 serial interface w ith ultra-fast 
speed o f up to 76,800 baud - software 
programmable. 

Other features include 24 bits of bi 
di rect ion a1 paral lel 1/ 0 and f ive on 
board programmable timers. 

Add lo that vecto red interrupts. 

SK ROM 
Capacity 

lK RllM 

Programmable 
Baud Rate 
UART with 

Interval Timers 

4 MHz Z-80A 

Completely Buffered 
Bus Interface 

The single card computer 

with the features 


that help you in real life 


I \ 

ENORMOUS EXPANDABILITY 
Besides all these features the Cro

memco si ngle card computer gives you 
enormous expandabi lit y if you eve r need 
ii. And i t's easy to expand. First, you 
can expa nd w ith th e new Cromemco 
32 K BYTESAVER PROM card ment ioned 
above. Then there's Cromemco's broad 
line of 5100-bus-compatib le memory 
and 1/ 0 interface cards. Cards with fea
tures such as relay in terface, ana log 
int erface, grap hi cs int erface, op to
iso lator input, and A/ D and 0 / A con
vers ion. RAM and ROM cards, too. 

Card Cage 32K BYTESAVE R PROM card 

RS-232 or 
Current Loop 
1/ 0 Port #4 

/ 

EASY TO USE 
Another convenience that makes the 

M odel SCC computer easy to use is our 
Z-80 moni tor and 3K Control BASIC (in 
two RO/vis). W ith this optional software 
you ' re ready to go. The moni tor gives 
you 12 commands . The BASIC, w ith 36 
commands/ function s, will directly ac
cess 1/ 0 po rts and memory locations 
and ca ll machine language subrou tines. 

Fina lly, to simp lify thi ngs to the ulti 
mate, we even have co nvenient card 
cages. Rugged card cages. They hold 
ca rd s firmly . No jiggling out of sockets. 

AVAILABLE NOW/ LOW PRICE 
The Cromemco Model SCC is avail

ab le now at a low pri ce of only $450 
fa ctory assembled ($395 kit) . 

So act today. Get thi s high-capability 
compu ter working for you right away. 

Cromemeo 
n c o p 0 a e d 

Specialists in computers and peripherals 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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108 FAST 	FOURIER FOR THE 6800, by Richard H Lord 
Analyze speech and music with this fast FFT program 

162 BUILD A COMPUTER CONTROLLED SECURITY SYSTEM FOR YOUR HOME, by Steve Ciarcia 
The software for a sophisticated computerized security system-Part 2 of a 3 part series 

Background 

12 DESIGNING A ROBOT FROM NATURE: Biological Considerations, by Andrew Filo 
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66 ANOTHER PLOTTER TO TOY WITH , by Peter A Lucas 

Build a plotter with an Etch-a-Sketch! 
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84 A HOBBYIST ROBOT ARM, by Keith Baxter and Timothy Daly 

A Luxolamp is the inspiration for this clever robot arm design 
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This mon th's cover, "Closing the 
Loop," by Ken Lodding, is our ver
sion of the famous original, "Drawing 
Hands," by the Du tch artist Maurits 
Cornelis Escher (1898-1969). Much 
of Escher's work deals with mathe
matical subjects, and the idea of a 
robot hand drawing a human hand 
(and vice versa) seems particularly 
appropriate to th is month's theme of 
robotics. 

In Designing a Robot from Nature, 
And1·ew Filo begins a 2 part series 
about a robot arm and eye mechanism 
designed to simulate certain biological 
features of amphibians. Study of the 
frog's insect catching capabi lity leads 
to some interesting design shortcuts. 
Read Part 1: Biological Consider
ations. page 72 

6809 designers Terry Ritter and 
Joel Boney of Motorola continue 
their discussion of A Microprocessor 
for the Revolution: The 6809 in Part 
2: Instruction Set Dead Ends, Old 
Trails and Apologies. This lively 
question and answer section reveals 
the design philosophy that went into 
the 6809, the successor to the Moto
rola 6800 processor. page 32 

If you have just bought a Radio 
Shack TRS-80 or a similar micro
computer, you may have asked "How 
can I use a sta ndard television receiver 
as a video display unit?" Timothy 
Loos answers the question with high 
resolution results in his article Use 
Your Television Set as a Video 
Monitor. page 46 

In Another Plotter to Toy With, 
Peter A Lucas describes a novel 
approach to building a homebrew 
plotter using an Etch-A-Sketch® unit, 
which is ava il able in toy stores. 

page 66 

Punched cards are still very much 
with us. For experimenters who want 
to make use of this venerable storage 
medium, Anthony Schaeffer describes 
a homebrew card reader in The 
Eclectic Card Reader. page 70 

4 Fcbru;uy 1979 CD BYTE Pubfic~tions Inc 

The Lear Siegler ADM-3A "dumb" 
terminal can provide terminal oriented 
systems with this essential component 
in a reasonably priced kit. Paul Fran
son describes his experiences while 
Assembling the ADM-3A from a kit. 

page 76 

le t~is EYTE 


The development of a hobbyist 
robot arm capable of be ing controlled 
by a computer will open up a new area 
of control applicat ions. The robot 
arms available on this level today are 
fa irl y small and weak. Keith Baxter 
and Timothy Daly describe their 
design fo r A Hobbyist Robot Arm. 

page 84 

The stepping motor is an attract ive 
device for personal computer app lica
tions because of its versatility and 
price. Paul Giacomo begins a 2 part 
Stepping Motor Primer in this issue. 
Part 1: Theory of Operation, gives the 
background on the device. The second 
part, in next month's BYTE, wi ll cover 
interfaci ng to a computer. page 90 

We recently presented a Fast 
Fourier Transform program (Decem
ber 1978 BYTE) written in BASIC. 
( F FTs are used to analyze periodic 
signals such as music and speech for 
frequency content.) This month, Dick 

Lord's Fast Fourier for the 6800 de
scribes a 6800 assembly language 
version that is approximately ten times 
faster than the BASIC version. 

page 708 

Many personal computer owners 
use their systems to develop game pro
grams, one of the most exciting and 
creative applications of this tech
nology. There are probably as many 
ways to go about developing game 
programs as there are people imp le· 
menting them. H L Stuck is one such 
implementer and he has several ideas 
about Approaching Game Program 
Design presented in his article in this 
issue. page 720 

If your computer is currently run
ning a programming language that 
al lows only integer manipulation, do 
not despair. You can still have a lot of 
fun exploring real numbers. Jef Raskin 
describes how to perform Unlimited 
Precision Division using only an 
integer BASIC package. page 754 

Part 2 of Build a Computer Con
trolled Security System for Your 
Home by Steve Ciarcia concentrates 
on software. With a bit of effort 
readers can implement this sophis
ticated system, which uses infrared 
beams and ultrasonics (among other 
techniques) to keep their homes 
secure. The 3 part series concludes 
next month. page 162 

It can be very disconcerting to have 
an error appear in a long string of 
information being loaded from a tape. 
Usual ly this means that the entire 
operation must be started over again. 
Michael Wimble describes the Ham
ming Error Correcting Code to help 
reduce this problem. page 180 

With the advent of inexpensive 
mass storage devices such as the floppy 
disk, the use of files is becoming more 
widespread in personal computing. 
Mark Klein begins a 2 part discussion 
of what files are and how to use them 
in Files on Parade, Part 1: Types of 
Files. page 186 



"After working all day with the computer at 
work. it's a kick to get down to Basic at home. And 
one th ing that makes it more fun is my Shugart 
minifloppy TM. We use Shugart d rives at work . so 
when I bought my own system I made sure it had a 
minifloppy d rive . 

"Why? Shugart invented the minifloppy. The 
guys who designed our system at work tel l me that 
Shugart is the leader in floppy design and has 
more drives in use than any other manufacturer. If 
Shugart drives are reliable enough for hard-working 
business computers, they've got to be a good 
value for my home system. 

" When I'm working on my p rograms late at 
night . I can' t wait tor cassette storage. My 
mlnifloppy gives me fast random access and data 

transfer. The little minidiskettes 11
,., store p lenty of 

data and file easily too. 
" I made the right decision when I bought a 

system with the minifloppy. when you lay out your 
own hard-earned cash. you want rel iability and 
performance. Do what I did . Get a system wlth the 
minitl oppy. " 

If it isn't S~art, 
it isn't minitloppy. 
~ Shugart 
435 Ookmead Parkway, Sunnyvale. California 94086 

For a list of manufacturers featuring Shugart 's minifl oppy in their systems, cir.c le reader response number. 
/

TM minilloppy Is a registered trademark or Shugart Associates 
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The Current State of Robotics 

by Carl Helmers 

Photo 7: Robot arm, which was assembled by yours truly, using a kit of 
parts supplied by Gallaher Research Inc for $400. It was purchased in Sep
tember 7978 and was assembled in about two hours from the parts supplied. 
It has no sensors, and no attention to that minor detail of how to drive the 
6 V 4 A (8 A peak) loads of each motor. Since this item was purchased, Mr 
Gallaher informs us it has been withdrawn from the market. 

6 



Exciting developments are on th e hori zon 
of the field of automa ted intelligent mech a
nisms. With its cover theme of "the arms 
race " th is issue of BYTE reflects the trend 
towards perfection of an inexpensive robot 
arm that is within the construction capa
bilities of the computerist. A number of 
individuals are experimenting with a mecha
nism controlled by a small computer. At 
present the efforts are but experiments
with no obvious application as products 
for living. But out of this spirit of experi
mentation new fields of endeavor grow. 

Robotics is not yet a consumer products 
field, unless one would include the enter
tainment automatons (found at amusement 
parks), which are controlled by minicam

puters of an older computer technology. 
Of course, robotic techniq ues arc already 
in commercial use, as with intelligent auto
mated mach ines operating in manufacturing 
and commercial office environments. I know 
of con temporary uses of robotic arms in the 
commerc ial manufacturing of automobiles 
and jet engine turbines. There is also a well
known roboc mail cart which delivers inter
office mail in large buildings in many cities. 
It can not yet negotiate elevators, so it is 
confined to one floor at a time and thus is 
most cost efficient in flat buildings. 

The Stanford Research Institute robot 
called Shakey, which is described in Bertram 

Continued on page 194 

Photo 2: Of course, there are marionettes. This little beastie cost us $32.50 
including tax at a store called Geppetto 's located in a pushcart at Boston's 
Faneui/ Hall marketplace. It is a fully assembled m echanical system, but it 
Jacks the DC motor actuators necess01y to pull strings. 

February 1979 ~ BYTE Publica riom Inc 7 



Why were all those 




scientists ofthe 30's so mad? 

That's easy. Because all they ever got was 

defect ive or missing parts, inferior workmanship, 
and garbled instruc tions. Sound familiar? 

CCS: Here to Deliver 
We 're Ca lifornia Computer Systems. We 'll 

deliver to you what old Doc ordered and never 
received. Kits without missing parts. Defect-free 
workmanship backed by years of solid experience. 
Qua lity engineering throughout. And easy-to
decipl1er support documentation . 

Electronics mavericks will appreciate us. We 
intend to back the true computer hobbyist who 
wants to do his own S-100 system with everything 
from a bare metal box to etch and w ire-wrap 
boards suitable for designing original circuits . 

For All S-100, TRS-80* & Apple t Users 
We can offer memories, I/Os and video pro

ducts to S-100 users. And both TRS-80 and Apple 
enthusiasts are represented in our philosophy. 

Remember our name-Cal ifornia Computer 
Systems- and look for our decal on display at 
a nearby computer store. It 's your sure sign of 
complete satis faction . 

For additional information about CCS or any 
of its fantastic products. just wr ite: 

E California Computer Systems
II!! 309 Lau relwood Road, Unit 18liiiii Santa Clara, CA 95050 =

Circle 37 on inquiry ca rd. 

So Nobody Goes Away Mad. 
·TRS-60 1s n ieg1sicrcc11racJema1k ol Rad10 Shack . ~ Tandy Co. 
I App le 1s a Jog1s te1cc.J lfilde1nark o l Apple Compu lers. Inc 



ABACUS ANSWERS 

The answers Lo Willi am B Aclarns' 
abacus query (November 1978 BYTE, 
page 145) can be found in Number 
Words and Number Symbols by Karl 
Menninger, the MIT Press ( 197 0) . 

The Rom an abacus had four coun tcrs 
bc l ow th e bar and one above . The 
j apancsc soroban h as five coun Lers 
below and one above. The Ch inese st1an 
pan has five counters be low and two 
above. The Ru ss i an schy ot has ten 
counlcrs and no bar, with th e two 
middl e counters colored differently from 
the rcs1 (t l1e counters run horizontal ly 
ins1cad of ver1 ica lly) . The th ree lat ter 
forms arc widely used, eve n today, side 
by si de wi th electronic digital ca lcu
l a1ors. 

Mcnninger's fasc inating and scholarly 
book clevo1es about 90 pages 10 th e 
h istory of the abac us and counting 
boards. 

Richard D Geekier 
135 Belday Rd 

Pasadena CA 91105 

MORE ON THE ABACUS 

A lcllcr from Willi am B Adams in 
November 1978 BYTE, page 145, ques· 
lioncd the des ign aLion of th e abacus 
p ic tured in the interes ting article on 
"A Short Hislory of Computing" by 
Kei 1h S Reid -Gree n that appeared in 
Jul y 1978 BYTE, page 84. Perhaps I 
ca n help answer Mr Adam's question. 

Firs1, Mr Reid-Green is corrccl. The 
abacus pi ctured in his artic le is a tradi· 
tional Chinese abacus having two upper 
(or hewen) be ads and five lower (or 
earth) beads. Mr fl clams says his machine 
has tw o upper and five lower beads 
but "is clea rly m arked 'J apan ' and 
sorohan in small prinl. ... "No problem; 
earl y Japanese so robans (J apanese for 
abacus ) used 1he Chinese bead co n· 
rigura ti on. Eventuall y th e number or 
upper beads was redu ced l o one and in 
1891 Gary u Irie reduced the number of 
lower beads to four. 

The modern Japanese configurat ion 
is more efficien t th an the tradition al 
Chi nese aba us, ass uming the user has 
memorized a number of fi nge rin g rul es. 
For example, in 1946 an employee 
of th e Japanese Postal Admini trat ion 
defeated a representative of the US 
occu pation force in a contest tha t 
m;i1d1cd a soro ban aga ins t an electric 

1Q fdJ1 u.1ry 1979 f0 UYTE rublkJlions Inc: 

ca lcu lator . The abacus wo n in add i tion 
and su btraction (50 problems of 3 to 6 
di gi ts ) , divisi on (6 10 12 digi ts per pro· 
blcm ) and composite problems. Only in 
mult iplica t ion di d lhc calculator win . 

Incidentally, Mr Reid -Green implies 
tha t "Rom an an d Eu ropcan traders" 
lea rned the principle o f th e abacus from 
the Chinese. Actu all y the Romans had 
developed a ki nd of abacus before the 
Lime of Christ. The prese nt Chinese 
abacus w as first mentioned in a book 
from the Yuan Dynas ty or th e 14 th 
ce ntu ry. T he Ch inese ca ll th eir abacus 
s11an-pa11, whil e abacus is of unce rtain 
or igin . 

For a quick introduction to 1he 
abacus, Mr Adams might wish to refe r to 
chap ter 2 of Number Machin es, a short 
book on the abacus , sli de rule and calcu· 
lator I have written (David McKay Com· 
pany, 1977 ). 

Forrest M M ims Ill 
Co ntr ibu ting Editor, Popular Eleccronics 

Rt 1 L aurel Estates # 71 
San Marcos TX 78666 

RATFOR RATIONAL 

enjoyed your special August 1978 
BYTE issue on Pasca l. I sh al l be looking 
forward to more soft ware in Pascal from 
readers o f BYT E (hint, hint). 

I did note a passing reference 10 
RATFOR in your cover wri teup and I 
would l ike to take excep tion Lo it s being 
class i fied (eve n by implica tion) wi th 
FORTRAN . For those who arc no t 
fami li ar with RAT FOR, i t is a st ruc tured 
langu age created by B W Kernighan ancl 
P J Plau gc r as a vehicle to illu strate good 
programming prac ti ces in th ei r book 
Software Tools (Addison Wesley , 
Reading MA, 1976 ). RAT FOR is a pre· 
processor wh ich conve rts RATFOR code 
into FORTRAN. It imp leme n ts th e rol · 
low ing struc tures: 

I F .. TH EN . . EL SE 
WHIL E 
REPEAT .. UNT IL 
FOR ( i tera 1ive ) 

as well as som e uscru l ex tensions such as 
f i le inclu sion, str ing dec laration and 
token rep lacement. L ac king arc Pascal 
reatures such as recurs ion , range declar· 
ati ons and the case of structure . 

A t the Universi ty of M alaya here we 

Continued on page 152 

See Sol® 
at all these 
fine 
computer 
centers 
AL: Birmingham: Computer Cenler Inc .. 
(205) 942-8567. CA: Costa Mesa: Orange County 

Compul er Center, {714) 646-0221. Los 

Angeles: Comput ers Are Fun. (213) 475-0566. 
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Sol:The small computer that w on't 

fence you in. 


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

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

Remember, there's no 
free lunch. 

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

Sol small computers are at the 
very top of the microcomputer 

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

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

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

Build computer power 
with our software. 

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

Our exclusive Extended BASIC 
is a fine example. This BASIC 
features complete nrntrix functions. 
It comes on cassette or in a 
disk version which has random as 
well as sequentia l fil es. 

Processor Technology ORTRAN 
is similar to FORTRAN IV and 

has a full set of extensions designed 
for the "stand alone" computer 
environment. 

Our PILOT is an excellent texl 
oriented language for teachers. 

Sold and serviced only by the 
best dealers. 

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

For more information contact 
your nearest dealer in the 
adjacent list. Or write Department 
B, Processor Technology, 
7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. Phone 
(415) 829-2600. 

In sum, all small computers 
are not created equal 
and Sol users know it to their 
everlasting satisfaction. 
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Designin a 0 from Na e 

Part 1: Biological Considerations 


Andrew Filo 

4621 Granger Rd 
Akron OH 44313 

Note: 
Th is article contains highly 

sty lized biological drawings, 
not to be understood as accu · 
rate histological represen· 
tations. 
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One of the major problems involved in 
producing a robot is the design of a soph is
ticated "brain" and "nervous system" fo r 
the robot. Since World War 11 there has 
been an ever in tensifying research effort to 
produce just such an artificial in tell igence. 

Presentl y, there are two disti nct gro ups 
performing this research: neural cybernetists 
and cognitionists. The first group, the 
neural cybernetists, are concerned with 
studying the nervous systems and bra ins 
of living organi sms in hopes of em ul ati ng 
them with machinery . To date, th is type 
of researc h has provided much information 
abo ut neurons and the entire nervous system 
in general . From thi s research, neural cyber
net ists have developed noncomputer per
ceptrons (artificial intelligence machines). 
Notable among the perceptrons already 
built is a system mode led after the pigeon's 
nervous system, used in missi le navigation. 
The cognitioni sts believe, however, that 
highl y evolved computer software is the 
best way to produce artific ial inte ll igence. 
Examples of the work in this area are 
articles by Michae l Wimble and Ralph 
Holli s ("Artific ial Intell igence, An Evo lu 
tio nary Idea, Parts 1 and 2," May and June 
1977 BYTE, pages 26 and 100; and " Newt: 
A Mobile, Cognitive Robot," Jun e 1977 
BYT E, page 30). 

Although th e neural cybernetists and 
cognitio ni sts are essentially strivi ng toward 
the same goal, they often re fuse to recog
nize each other's researc h effort. Two book 
that exemplify the confli ct in views are 
The Computer ond Thoughl, edited by 
E Feigenbaum and J Feldman, and The 
Search For Robots, by A J Cote Jr (see 

bibliography at end of part 2 next month) . 
In the latter, Cote describes the work of 
neural cybernetists iri artific ial intell igence 
and robot research . 

Cote argues that the computer is a poor 
device for use in co nstructing an artificial 
intel ligence. He supports his claim with the 
old misconception that computers are elec
tronic bra ins. He feels that cogn itionists have 
convinced themselves that a com pu ter can 
become intelligent if programmed properly. 
Converse ly, Feigenbaum and Feldman's 
book , a collection of published papers, has 
an opening chapter that, among other 
things, explains why the editors have ex
cluded all neural cybernetics papers . l n 
part, they argue, cogni tionists "believe 
that in telligent performance by a machine 
is an end d ifficult enough to achieve without 
starting fro m scratch," as a neural cyber
netist would have to. It is unfortunate 
that these two groups continue to hold 
these views even though the books were 
written more than a decade ago , si nce, 
in my view, combining the two philos
oph ies is the only practica l way for re
searchers to understa nd and develop a 
truly sophist icated artif icial intel ligence. 

My inte rests in this field prompted me to 
try lo fill the void created by cognition is ts 
and neural cybernetists by developing my 
own philoso phy perta in ing to the study 
and development of artificial intelligence 
and robot systems in genera l. Cyberani
melrics is the name I have given this field. 
Cybera nimetrics is th e study of biological 
organisms and machi nes (large ly theoret
ical at this po int) that exh ibit some or 
all of life 's qualities, ie: organization, irrita
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Photo 7: The author's robot arm and eye mechanism, modeled after the frog's insect catching mechanism. The eye uses 
a square array of light sensors that simulate the net convexity detectors found in the retina of the frog's eye, used by 
the frog to detect small, fast moving insects. The arm is similarly patterned after the frog's tongue and arm grasping and 
moving action. Construction ofa portion of the eye mechanism is described in part 2 of this article. 

bility, movement, growth, reproduction, 
and adaptation. These animate systems 
are studied from the standpoint of the 
information movement that is necessary for 
the system's operation or survival. Cyber
animetrics combines neural cybernetics and 
computer cognition with a host of other 
sciences to analyze both data flow and 
the structure where th is data flow occurs. 
By studying biological and mechanical 
systems from this vantage, the designer 
becomes aware of the fact that the micro 
and macrostructures of both types of 
systems have to be specialized through 
either evolution or design, so that the 
system can operate successfully in its 
environment. Cyberanimetrics is, more 
than anything else, a study of system 
special ization . 

Specialization through good organization 
is important in any robot or artificial intelli
gence system. But in the past it was thought 
to be more important to make the system 

as sophisticated as possible. Consequential ly, 
many systems built were simply collections 
of unrelated but ex tremely adva nced de
vices, making it very difficult for the early 
designs to operate as a system. It is not a 
major problem in robotics today to achieve 
complexity in a system; rather the problem 
has become how to make the complex sys
tems operationally efficient and successful 
for a given end. Organization is important 
because one method can resul t in a much 
cheaper, more reliable, and less complex 
system. But to organize a system, the de
signer must first see how other systems 
are organized. 

This is where cyberanimetrics comes 
in: instead of exami ning only the creations 
of eng ineers, the des igner also examines 
nature's creations. Th is comparison of 
natural and artificia l systems by the designer 
is quite log ical si nce I feel thal a robot or 
an artific ia l intelligence is an attempt by 
man to ut ilize certain physical or behav
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ioral design aspects of biological systems 
(ie: bionics). Cyberanimetrics allows the 
designer to appreciate the variety of 
methods employed by the various systems 
because both mechan ica l and biological 
systems are examined in terms of their 
similarities in structure and organization. 
This means that a person designing a sys
tem must be equally familiar with bio logy, 
computer sciences, cyberne tics, artificial 
intel ligence, mechanics, and physics . 

Biological Considerations 

Generalizations regarding the nervous 
system leave the impression that nerves 
merely conduct information, or that the 
eye works somewhat like a television camera 
that se nds an inverted image to the brain 
for analysis. These oversimplifications might 
lead designers to believe that they can 
make a computer "see" by interfacing 
an array of digital light detectors to it. But, 
there is more to vision than meets the digital 
eye. In the compound eye of the ant, for 
example, there are 1200 ommalida (light 
sensitive elements). Some of these are so 
specialized that they are sensitive only to 
the polarization of ultraviolet radiation from 
the sun and are used by the ant exclusively 
for navigational pu1·poses. Other ommatida 
are used for color, size, or motio n detection 
and all are connected to the brain by nerve 
fibers that not only conduct but also process 
the video information . However, it is very 
doubtful that an ant "sees" an image in the 
sense of human consciousness; more Ii kely , 
it apprehends its optical environment 
in some other way. 

Just as important as being able to under 
stand various bio logical and mechanical con
cepts is the ability to apply these concepts 
to the design of a system. After all, it would 
be impractical to try to bui ld an authentic 
copy of an organism. In the previous exam
ple, if a neural cybernetist wanted to utilize 
digital light sensors, he might attempt to 
duplicate the ant's visual system. But, he 
would face many prob lems, the toughest be
ing the construction of artificial ommatida. 
Each ommatida in the ant's eye has a partic
ular structure depending on its funct ion, 
whereas digital sensors are a matrix of uni
form sensing elements. It would be very 
difficult to build the individual micro
optics necessary to perform color sep
aration light po larizatio n analysis. Of course, 
some of the ana lysis could be performed by 
a computer, but the more effort that goes 
into making a system into a faithfu l model 
of the ant, the more the system would be 
compromised . In the end, it would have 
been more economical to use u real ant. 

If, instead of attempting to copy the 

ant like the neural cybernetist, or ignoring 
the ant like the cognitionist, the designer 
applies the concepts of ant vision toward 
a certa in goal, he might stand a chance of 
developing an operational system. If the 
system is to navigate by sunlight, certain 
aspects of the ant's polarization detector 
wou ld be useful ; however, color recog
nition and motion detection would be use
less features and therefore not included in 
the system. The purpose of cyberanimetrics 
as a design philosophy, then, is to inten
tio nally apply accepted, standard biological 
and mechanical concepts to create a robot 
or artificial intell igence device that can 
accomplish certain predefined goals. 

Cyberanimetrics and Design 

To see how cyberanimetrics works as 
a design ph ilosophy, consider the design 
of the system pictured in photo 1. This 
system, named NELOC (neural logic cyber
animate), was initial ly designed for use 
as a subsystem on a land survey vehicle 
(LSV). Built to be located in a forward 
turret, the system was designed to gather 
soil, liquid, and flora samples from its 
location. Ideally, the system could do this 
either automatically or by remote oper
ator control. 

The only critical limiting factor in the 
system's design is cost. To stay with in a 
reasonable budget, I had to organize the 
manner in which I was going to design the 
system so my effort would not be wasteful 
or redundant. I resolved the matter by 
formulating the following steps for re
search and development: 

1. 	Define the system's application. 
2. Define 	the qualities necessary for the 

system to perform its application. 
3. 	 Based on these defin itions, consider 

the mechanisms employed by bio
logical or mechanical systems that 
closely match the definition. 

4. Analyze the system(s). 
5. 	Based on th is analysis, evaluate the 

relative merits, (ie: cost, complexity, 
and performance) of using the an
alyzed system's method in the design 
of the robotic (in this case, turret) sys
tem. Translate this analysis into de
sign. 

These guidelines forced me to clarify the 
need for the system and the means and 
method of its operation - and I found that 
these five steps involving the system design 
were more important than the phases of its 
construction. 

Design work on the system began by 
defini ng its characteristics . I determined 
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that the turret system should be able to 
locate, classify, and manipulate objects 
close to it (within reaching distance of the 
manipulator arm). To accomplish this, 
the turret system would have to exhibit 
four animate qualities. First of all, the 
turret system would have to be organized 
(ie: that the system had to be able to handle 
the movement and analysis of data in some 
consistent manner). The system would 
also have to express irritab!lity (ie: certain 
stimuli, whether internal or external, would 
cause the turret system to act in some 
characteristic manner). For exam pie, if 
a specimen moved out of the system's 
view, the system would respond by look
ing for the lost specimen. The third animate 
quality was motion, a necessary quality 
for the system to work in its environment. 
The last quality required is adaptation, 
probably the most important feature since 
I could not envision all of the possible 
situations the system might encounter. 
However, this type of adaptation would 
not be structural, but rather "inte llectual" 
in nature. Without the ability to adapt, 
the system would not learn from failure. 

After considering the proposed design 
characteristics, I selected the frog as a 
model to study, primarily because of its fas
cinating ability to locate and catch insects. 
In order to catch a flying insect, for in
stance, the frog must be able to scan an area 
greater than the reach of its tongue and then 
classify various objects such as prey, preda
tors, other frogs, etc, based on sensory data. 
Finally, the frog responds to the flying 
insect (solely on the basis of visual infor
mation) by attempting to catch the object. 
Although the structures of the frog and the 
turret system are significantly different, the 
function in each case is similar. 

The second reason for selecting the frog 
is simplicity . By selecting the frog over a 
more complex organism (ie : more highly 
evolved), I would save much time in deter
mining a model of how the frog performed 
its functions. Figure 1 shows the frog 
and some of its main neurological con
stituents. The eyes and sensory neurons 
form in put dev ices. The small lobular 
brain and spinal cord make u11 the bulk 
of the processing system, while the motor 
nerves and muscles serve as output mech· 
anisms. This phase and the next involved 
quite a bit of work, since ther"' was so 
much data to examine. It should be noted 
that the presentation of my analysis here is 
very abbreviated in order that most of the 
concepts can be discussed. One structure 
in particular, the net convexity detector, 
is given a more detailed treatment, however. 
The detector's function and structure will 
be discussed extensively, showing how the 

concept was researched and appl ied to the 
design of the turret system. This research 
an·d development is representative of the 
work performed on the entire system. 
A bibliography is provided in part 2 of this 
article for those who wish to research the 
subject more. 

Optical Processes of the Frog 

Analysis of the frog began with the 
sensory and motor nervous systems, in 
particular the eye. The frog's eye is classi
fied as a camera-type eye, meaning that the 
entire image is focused through a single 
lens. The perception and subsequent analysis 
of an image begins on the surface of the 
retina. There, thousands of groups of re
ceptors and their associated neurons cap
ture tiny portions of the total image. After 
the retinal neurons process the recep tor 
data, they communicate it to the optic 
nerve, which further processes the data as 
it is relayed to the brain. The result is the 
generation of four specific types of in
formation about the image being perceived. 
The first type of information that the frog's 
nervous system extracts from the image 
is net dimming, which describes how much 
of an image has dimmed when compared 
to the previous image. Moving edge is the 
second type, concerned with motion at the 
periphery of objects in the image field. 
Next is sustained contrast data. This in
formation relays the shape and size of an 
object in the image fie ld by describing edges 
of optical contrast. Finally there is net 
convexity data. This data relays the speed 
and direction of relatively small objects. 

Of the four types of data, the last two, 
sustained contrast and net convexity data, 
are probably most responsible for the 
location and definition of objects and, 
therefore, warranted a more detailed ex
amination. 

While searching for more information, I 
found a research project by J Y Lettvi n, who 
researched amphibian vision at MIT (see bib
liography). In his paper, he attributes net 
convexity and sustained contrast data pri
marily to the arrangement of the associated 
neuron's receptors on the retina. Lettvin also 
supports that a model in which net convexi
ty data is generated by one configuration of 
receptors and neurons while sustained con
trast is generated by another. The receptor I 
neuron group responsible for generating 
net convexity data (called a net convexity 
detector) is characterized by a broad fie ld 
of low sensitivity receptors and a small 
cluster of high sensitivity receptors (see 
figures 1 and 2). Th e cluster of high sen
sitivity receptors is never located in the 
center or on the edge of the low sensitivity 

16 Febru•ry 1979 ©BYTE Publi"tioru Inc 



HEATHKIT 1811CATALOG 
Featuring our complete computer 
line - 8-bil and JS.bit computers, 
lloppy d isk storage, CRT Terminal , 
paper tape reader punch. line 
printer, software programs, inter
lace andinemory boards, self . 
instruction programs and morel 
Most equipment is available in 
easy to build kit form or fully 
assembled and tested . 
If card or coupon la mlulag, WTile 
Heath Company. Dept. 334-500. 

r---------------------1I I HEATH I Heath Company. Dept. 334-500 MAIL I 
•• Kjb@jHfrM Benton Harbor, Michigan 49022 C.fJIJ'~N I 
I 

Please send me my FREE Heathkit Catalog. I 
I I am not receiving your current catalogs. I 

I ···· II Address I 
I City State I 
I CP-161 Zip • 

'-~~~~~~~~~~~~~~~~~~~~~~~~~-..--------------------...~ 
Bealoa Harbor. Ml 49022. 

BYTE February t979 17Circle 160 on inqu i ry card . 



BRAIN 

TONGUE 

CROSS SECTION 
OF THE FROG EYE 

o~w0,.00
d()\ 0 

SUSTAINED CONTRAST 
DETECTOR 

NET CONVEXITY 
DETECTOR 

\-+'r-'M--'-',---1---MUSCLE TISSUE • 

r.7---t-~MOTOR~EURONS •-
I 

SK IN 

;,...,__,___c~NSORY NEURONS• 

HIGH SENSITIVITY 
RECEPTORS • 

,___,____._LOW SENSITIVITY 
RECEPTORS 

Figure 7: Some of the 
main neurological compo
nents in the frog. The 
frog's evolutionary success 
is due in part to certain 
structures in the eye and 
brain that have evolved 
for the specialized task of 
catching fast moving in
sects. Sustained contrast 
data (from the sustained 
contrast detectors shown} 
relays the shape and size 
of an object in the image 
field by describing edges 
of optical contrast. The 
net convexity detectors 
are used to uniquely deter
mine the direction and 
speed ofsmall, fast moving 
insects. 

field, but rather somewhere in between. 
Apparently it is critical that th e high se n
sitivity cluster be located in suc h an ecce n
tric posit ion because the neuron uses this 
cluster as a "l andmark." Th is landm ark 
helps the neuron generate a signal that the 
nervous system can decode into angle 
and direc tion information . /The frog's re
tinal field is more complex and organized 
than that of the mammalian retinal field. 
However, this is because the higher verte
brates have relegated higher brain centers for 
visual, informational processing. For a dis
cussion of this, see "What the Frog's Eye 
Tells the Frog's Brain," Lettvin, et al, 
Proceedings of the Institute of Radio Engi
neers, number 47, 1959, pages 7 940-7957 ./ 

Net Convexity 

From the receptor's as pect, the system 
works approximately as follows: as th e 
prey's (ic: fly's) image fa ll s upon the frog's 
retina, it transverses many groups of recep
tors. As the image triggers the first periph
eral receptor of the net convexity detector, 
the neuro n begins to " fire." From then on, 

as each low sensitivity receptor in that 
grou p is encountered, the voltage level 
across the neuron will increase. This higher 
voltage is always the sum of the previous 
"signal" plus the present signa l. However, 
when a high sensitivity receptor is encoun
tered, the neuron responds with an abrupt 
voltage transient, after which the voltage 
level returns to the next summed value. This 
means that if a fly's image were to cross 
a net convexity detector in such a way that 
it triggered the high sensitivity receptor, 
the resulting waveform, if viewed on an 
osci lloscope, wou ld be a staircase with 
a transi ent "spike" located somewhere 
near the middl e steps. Call this waveform 
A (see figure 2a). If another fly image were 
to cross the same net convex ity detector but 
on a different angle that still crossed the 
high sensitiv ity cluster, the result ing signal 
(see figure 2b, waveform B1 ) would look 
similar to waveform A; however, on closer 
inspect ion it can be seen that the number of 
steps and the position of the spikes are 
d ifferent. 

To the frog's nervous system, this means 
that the vectors A and are uniquely B1 
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Figure 2: The net convex
ity receptor. As a fly s 
image crosses the retina, 
it traverses many groups of 
receptors. As the image 
triggers the first peripheral 
receptor of the net con
vexity receptor, the asso
ciated neuron begins to 
fire. Each additional low 
sensitivity receptor en
countered adds to the 
cumulative voltage level. 
In addition, any high sen
sitivity receptor encoun
tered causes the neuron 
to emit a transient voltage 
spike, as shown in fig· 
ures a, b and c. The 
eccentric position of the 
cluster of high sensitivity 
detectors enables the brain 
to deduce both the magni
tude and direction of the 
vector of travel by noting 
the relative position of the 
spike in the waveform 
(compare figures 2a and 
2b). Figure 2a shows the 
path of a typical insect 
image passing a section of 
the frog's retina. Compare 
with figure 2b, In which 
the angle of travel and the 
resulting waveform are 
different. Figure 2c shows 
the effect of reversing the 
direction of travel shown 
in figure 2b. 

described by the number and type of recep to right. If the spike had occurred between 
tors encountered by the moving image. the second and third steps instead, the 
The number of steps in the waveform nervous system woul j have decoded the 
(or the low sensitivity receptors encoun signal to mean that the insect was travelling 
tered) describes the angle of the vector, on the same vector in the opposite direction. 
wh ile the position of the spike (or the The associated neuron plays a significant 
location of the high sensitiv ity receptor) role in net convexity detection. The total 
ident if ies the direction of the vector . Th is surface area of the frog's retina is less than 
means that, as long as an image's trajectory one quarter the area of a postage stamp: the 
crosses the high sensitiv ity cluster , the actua l net co nvexity detector is a micro
associated neurons can describe the image's scopic struc ture. This means that an image 
vector of travel. For example, waveform A moving across the retina could span a 
describes a vector that encounters three low single group of receptors in a matter of 
sensitivity receptors and one high sensitivity microseconds. The associated neuron could 
receptor followed by one low sensitivity require up to 5 µs (or more) to complete 
receptor in this retinal section. Decoded by a firing cycle, meaning that several dozen 
the nervous system, the signal would mean receptors can be crossed by an image before 
that the insect was travelling diagona lly left the firing cycle (ie: transmission) of the 
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neuron is complete. This is why the wave· 
form looks Lhe way it does: th e neuron 
will fire with constan L duration so that, 
as the images travel at different velocities 
across the receptors, the length of the 
step in Lhe waveform will vary. The associ
ated neuron does more than record the 
pattern and speed at which receptors are 
stimulated; it also has the ab il ity Lo sort 
sizes. An image that can stimu late more 
than two recep tors at a time will depress 
{ie : inh ibit) the neuron's o utput. The 
depressed output is ignored by the ne1·
vous system. Therefore, the net convexity 
detector is a structure concerned with the 
angle, direction, and velocity of small , insec t 
sized objects. 

Sustained Contrast 

Sustained contrast data, too, depends 
on receptor geometry as an aid in image 
processing, but not to the same extent 
as the net convexity detector. Instead, 
the sustained contrast detector is composed 
of a small group of homologous receptors 
(see figure 1 ). Again, the recepto1·s have 
an as ocia ted neuron. This neurnn's response 
to its receptor's interpretation of an im age 
is either no signal, mea ning more than 
60 percent o r more of the image is cla1·k, 
or a po itive signal, meaning that 60 per
cent or more of the image is light. The 
neuron 's response is based on the number 
of illuminated recepLors and is ca ll ed a 
"majority response.' ' When the major ity 
responses of thousands of susta ined con
trast detector are combined and processed 
by the opLic nerve and lobe, the brain is 
provided with a sustained contrast image. 

Tactile and Kin esthetic Senses 

The next sensory systems I decided to 
examine were the frog's kin esthetic (ie: 
relative positioning of body parts) and tac
tile se nsing "mec hanism." Tact il e se nsation 
in the frog begins with specialized recepto1·s 
located in the skin (see figure 3). These 
receptors arc innervated capsules of tissue. 
The nerve enc.lings with in these capsul es 
are the Lips of large cu Laneous nerves. All 
of the receptors contained in a certain 
tract of ski n are mere ly branches of a single 
nerve ascending to the spinal cord. Th is 
means that a single nerve, as long as the 
frog' s arm, can generate a sign al that is 
recogn ized by the brain as location and 
pres ure in tensi ty dala For literally hun
dreds of receptors. 

Appendage position detection is simil ar 
to the tactil e system. Again, a long nerve 
branches from the spinal cord. These 
branches terminate in special capsu les ca lled 

neuromuscular spindles. The neuromuscu)a,· 
spindles are spec ial capsules of muscl e tissue 
that have nerve endings coi led around them. 
As the muscle contracts, the spindle con
tracts, stimulating the nerve ending. Each 
skeletal muscle has many spindles within it 
(see figure 3). The brain decodes the signal 
to discover the number of spindles con
tracted, which describes the length of the 
muscle. The length of the muscle is indica
tive of the positio n of a joint. 

How the brain can decode location 
and pressure data from a single nerve is 
not thoroughly understood; however it 
is thought that, during the frog's embryo
gencsis, the innervatio n of tissue is some
how recorded by the bra in. This record 
serves as a template for the brain to use 
in the recogn it ion of the origins of the 
signal. This was demonstrated in an experi
men t in which a young frog had a small 
por tion of its stomach skin grafted to its 
back. The skin removed from its back was 
then grafted to the spot where the stomach 
skin had been removed . Some time after 
the grafts had healed, the researchers irri
tated the sto mach skin on th e frog's back . 
The frog responded by scratching the 
spot where the stomach sk in had been 
removed. In a second experiment, the 
researchers irritated the back skin graft 
located o n the stomach. This time the 
frog responded by scratching the graft 
on its back. The conclusion of the ex peri 
ment was that the frog's brain had ide n· 
tified the location of the t issue by its in
nervat ion, and not by the path the signal 
took to the brai n. 

Motor Circuit 

The motor circu it performs the opposite 
fu nction of the appendage pos ition and 
tact ile sensory systems. Instead of gather
ing data abo ut musc les, the job of the motor 
circui t is to carry the signals that sti mul ate 
the muscles. To st imulate its muscles, the 
frog has a set of spec ific nerves descending 
from its spinal cord and terminating in 
specialized muscle fibers. At these fibers 
(called neuromuscular junctions) signals 
leave Lhe nervous system and enter the 
muscle tissue, stimulating muscular con
Lract io n. 

For the signals to get to and from tactile, 
motor, and kinesthetic systems and the 
cerebel lu m {where motor patterns are 
stored). th ey must travel along the spinal 
cord. The primary function of the spinal 
cord is to relay the bi llions of bit of data 
to and from various neu ral pathways in th e 
frog 's body; it also performs various reg
ulatory and contro l functions, ra nging 
from refl ex (such as the knee-jerk reflex 
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an amphibious ( ie: sem i-terrestrial) habitat. 
To accommodate the change in the order 
of significance of sensory data, the a mph ib
ian bra in increased in size with functional 
and structural changes. Consequently, the 
thalamus and cerebrum, once exclusively 
olfactory "data processors," now began 
Lo process some optic and aural data. 

Other structures of the brain remai ned 
somewhat the same, although the ir im· 
portance Loo had changed. The cerebel lum, 
which processes equilibrium information 
and produces the signals for muscular 
coordinatio n, became responsib le for co
ordina ting terrestrial locomotion. Also, there 
was the added function of controlling a 
new structure- a folding, prehensive tongue. 
To gather and transmit the increased data 
from the spinal cord and the forward sec
tions of the brain, the medulla had enlarged 
slightly. It was sti ll involved with autonomic 
fu nctions and nervous pathways to the 
organ systems, but additiona ll y, it had to 
control breathing in the lungs. Probably 
the most important system at th is point 
was the reticular system, a delicate col
lectio n of nerves reaching from the thala
mus through the midbrain to the medulla . 
It is this group of nerves that monitors the 
hundreds of thousands of signals going to 
and coming from the cerebellum, among 
other portions of the brain. The reticular 
system is importan t to the amphibian's 
bra in , since some divisions of the brain have 
to recognize and process types of infor
mation that they did not in vertebrates 
lower on the evolutionary scale. In addition, 
the reticular system can fi lter or block some 
signals entirely, relieving some of the pro
cessing strain on certain portions of the 
brain. While the frog's brain may seem com
plicated because of the shift of sensory 
priorities, this is the evolutionary pattern 
that the brains of all vertebrates have fol
lowed . 

Neurons 

The frog's brain is a system of hun
dreds of thousands of neurons. Each neuron 
is as bas ic to the brain as a log ic gate is to 
a computer. In the brain, the neuron's func
tion is to store or manipulate information . 
For neurons to store and process data there 
must be differences in the values at inp ut 
or output junctions of the neuron . In the 
retina of the frog's eye, for example, the 
net convexity detector neuron generates 
a different type of signal for the high sensi
tivity recepto1· than for the low sensitivity 
receptor, as discussed earlier. It is only by 
such va lue assignments (called weighting) 
that neurons can sto re, process, or switch 
data. 
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Figure 3: Section of mus
cle and skin showing por
tions of the tactile and 
neuromuscular (motor) 
systems of the frog. 

Figure 4: The lobular brain 
of the frog. Note the large 
olfacto1y bulbs and the 
forebrain lobes. These 
structures are part of the 
frog 5 aquatic legacy. 

SK IN 

MUSCLE • 

TENDON 
NEUROMUSCULAR 
SPINDLE 

in humans) to iris dilation and control of 
glandular secretions. Al though these func
tions (ie : autonom ic) norm ally occur inde 
penden t of the brain it is possible for the 
brain to inhibit or ampl ify some of them . 

The Anuran Brain 

The frog's brain itself (as depicted in 
figure 4) is a smal l lobular organ located 
at the anterior end of the spinal co lumn 
(ie : toward the head). I ts function and 
structure is the result of millio ns of 
years of evo lu tion. When the frog's dis
ta nt aquatic ances tors developed the sense 
of smell, the pattern for the amphibian 
brain was cast. Olfactory ner-ve began 
to develop in the anter ior reg ion si nce 
it is an advantageous adaption for Lh e 
organism Lo smell in its direc tion of mo
tion th an where it came from. And as the 
sense of smell became more sophisticated, 
the spinal cord developed better means to 
process the olfactory information. Portions 
of the spi nal cord began Lo en large. These 
enlargements were the beginnings of the 
lobes. In more advanced ancestors Ii ke 
the fish , smell , vision, and muscular co
ordination are analyzed or co ntro ll ed 
by individual, specialized lobes. The rela
tive size of these lobes in the fish is an 
indication of how evolved that part icu
lar operat io n is. However, as amphib ia 
evo lved from aqu atic orga nisms, these 
sensory prioriL ies changed: whe1·eas fish 
rely heavily on the sense of smell (called 
aq uat ic olfact io n) for fi nd ing food, sensing 
predators, and selecting a mate, sight and 
sound sensa tion arc fundamen tal for the 
amphibi an's surviva l and 1·c production in 
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Figure 5: Simplified block 
diagram of the frog's in
sect catching "mecha
nism. " The eye, tacile, and 
position sensory systems 
monitor the environment. 
Tactile and position data 
travel via the spinal cord 
to the medulla, where the 
reticular system alerts the 
thalamus. In the thalamus, 
senso1y data is integrated 
and sent to other por
tions of the brain for 
processing. Finally, data 
goes to the cerebellum to 
be decoded into signals 
that will bring about co
ordinated motion. 
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To illust rate th is, assum e that a frog 
had to "store" a single bi t of data for 
three seconds . Using microscopic neuro ns 
with junctions end to end, three seconds 
of storage would require 1500 feet of 
neuron. If the frog had to store this quan
tity of data throughout its Ii fe time, its 
brain wou ld be monumenta l in size. To 
save space, then , signals to be sto red are 
channeled to a group of neurons th at are 
"connected" in a chain by some of their 
inpu ts and outputs (called axons and den
drites, respective ly). When data is intro
duced to the group, it is passed from one 
neuron to the next, forever looping unti l 
the pathway is somehow blocked . The 
other dendrites and axo ns of th is group's 
neurons (a single neuron can have up to 
1000 individual axons and dendrites) 
connect to other neurons th at bring in
formation to and from these groups . These 
neurons are electrochemically co ntrolled. 
So, depend ing upon the electroche mical 
activity of the brain, virtually an infinite 
number of pathways can be realized. It is 
this type of operation (the opening and 
closing of pathways) th at makes the brain 
function. This is a fundamental process 
of any algo rit hm ic device. In a computer 
program, certain pathways are opened 
or closed depend ing on the status of the 
program or its data. In a calculator, certain 
log ic pathways are opened or closed based 

on data in the system. This does not mean 
that a calculator and a frog's brain operate 
by the same mechanism, but only that the 
princi ples are the same. 

To conclude this br ief neurological 
model of the frog, I integrated my data 
into a coherent block di agram. Figure 5 rep
resen ts the neurological and physica l as· 
pects of the insect catching mechanism. This 
system involves sensing optical and mechan
ical information from the environment. 
Light reflected from objects is analyzed 
by two methods: net convexity detection 
and sustained contrast detection provide 
the brain with size, shape, speed, and direc
tion inform at ion . External pressure is moni· 
tored by tactile sensors. A second system 
of nerves wit h terminations deep in skeletal 
musc le and at skeletal joints is used to 
relay in formation about muscle length 
to the brai n, which inte rpre ts th is data 
to determine the position of its appen
dages. This data is transm itted to the brain 
by travelling from the spinal cord to the 
medulla . A the medulla passes the in
form atio n along to the more forward sec
tions or the brain, the re ticular for matio n 
alert the thalam us that data is on the 
way. In the thalamus, all types of sensory 
data arc deci phered and com pacted in to 
prec ise neurodata statements, which are 
then dispatched to the cerebrum and cere
br al cortex fo 1· processing. Some data is 
stored while other pieces are "copied," 
"deleted," "added to," "comp uted," etc. 
From the cerebrum new data will arise, 
some of it sent to the cerebellum. There 
the data is decoded into instructions con
cerning the motion of the frog. It is the 
job of th e cerebell um to generate th e sig
nals that wi ll bri ng abou t the coord inated 
motion of the frog. But for these signals 
to cause motion, they must travel to the 
muscles through the medulla, across the 
spin;il cord, and final ly to th e various 
motor circuits. From the motor circuits 
the signals leave the nervous system and 
enter the muscle tissue, ca using motion. 

The NELOC System 

This analysis may seem extremely imprac
tical fo r use in hobbyist level robotics, but 
in fact it provided me with much of the 
inspiration I needed for the development 
of the neural logic cyberanimate. But it 
was possib le to conceive and design these 
appl ia nces only by understandi ng the nature 
of the operation of the frog's sensory 
systems. Part 2 of this series describes 
how a robo t was bu ii l using the concepts 
described here. Some construction details 
for a portion of the eye mech anism are also 
given. 
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Figure 6: The parts of the neuron, the brain's basic ‘gate. " Flow of information through this
gate is roughly from left to right. Outputs are digital pulse streams transmitted through the
axon and its branches to inputs of other neurons. inputs are digital signals from other (presy-
naptic) axons, which are summed by an analog process which weights various sources and fires
an output pulse when a threshold is reached. This neuron receiving input is termed postsy-
nap tic.

Brief, but Essential Concepts
of Neuronal Systems

The neuron is the basic unit (ie: gate) of
the vertebrate nervous system. The ideal
model of the neuron consists of the follow-
ing:

0 Cell body.
I Nucleus and organelles involved in

producing and packaging energy and
cellular byproducts (ie: neuronal trans-
mitting molecules).

I input processes termed dendrites.
I Output processes termed axons and

terminal boutons.
I Synapse or juncture between neurons.

The processes of information trans-
mission can be idealized as follows:

I. A sensory neuron such as a photo or
tactile receptor is in a resting state (ie:
a 60 m Vmembrane potential resulting
from a higher potassium ion (K‘) con-
centration within the cell and a higher
sodium (Na') and chlorine (Cl') ion
concentration outside the cell.

2. Excitation of this (presynaptic) neu-
ron by its respective stimuli (ie:
pressure or normally induced ion per-
meability) allows a great influx of

sodium (Na') ions. This causes a depo-
/arization (ie: action potential) in the
cell and is transmitted as a wave
phenomenon down the axon.

3. Upon reaching the axon ‘s terminus,
the signal induces release of the trans-
mitting substance (ie: acetycholine).
This neurotransmitter enters the post-
synaptic neuron across the synapse
via simple diffusion.

4. The postsynaptic dendrite becomes
permeable to ions, thus repeating the
process. (An active transport mecha-
nism rids the presynaptic neuron of
sodium (Na') and imports potassium
(K‘) to restore resting potential.
Acetylchoiine is decomposed by
synaptic enzymes).

The neuron can perform in digital and
analog fashion. Neurons transmit pulse
streams rather than DC voltage levels: when
pulses enter the postsynaptic (ie: signal
receiving) neuron, they are algebraically
summed until the threshold firing or
threshold level is reached, at which point
the neuron fires (ie: reaches action poten-
tial). The many factors that can enter into
signal processing in the neuron (different
weightings for various input signals, feed-
back arrangements, etc) allow it to perform
differentiation and integration as well as
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actually has more features and higher performance than some The machine can be economically expanded to assist in you r 
home or personal computers that are selling today for up to business. remotely control your home. communicate with other 
$2000 . It is more powerful than compu ter systems which cost computers and perform many other tasks via the broadest line of 
over $20,000 in the early 1970's. expansion accessories in the microcomputer industry. 

This new machine can entertain your whole family with spec· This machine is super easy to use because it communicates 
tacular video games and cartoons. made possible by its ult ra naturally In BASIC. an Engl ish-like programming language . So 
high resolution graphics and super fast BASIC. It can help you you can easily instruct it or program it to do whatever you want , 
with your personal finances and budget planning , made possible but you don't have to. You don 't because it comes w ith a com· 
by its decimal arithmetic ability and cassette data storage ca pa· plete software library on cassette including programs for each 
bilities. It can assist you in school or industry as an ultra powerful application stated above . Ohio Scient ifi c also offers you 
scientific ca lculator, made possible by its advanced scientific hundreds of inexpensive programs on ready-to-run cassettes. 

Program it yourself or just enjoy it ; the choice is you rs. 

c- mputer I o ys . 

4" p r II 279 

For electronic buffs . Fully 

assembled and tested. Re

quires + 5V. at 3 Amps 

and a video monitor or TV 

with RF converter to be up 

and running . 


t 	 ndard Fe tur.,:::;,____________.. ORDER FOAM_ _ _ _ __ _ 

• 	 Uses the ultra powerful 6502 microprocessor 
SK Microsoft BASIC-in-ROM 

Full feature BASIC runs faster than cur rently avai lable 
personal computers and all SOSO-based business com
puters. 

4K static RAM on board expandable to SK 
Full 53-key keyboard with upper/lower case and user 
programmability 

• 	 Kansas City standard audio cassette interface tor high 
reliability 

• 	 Full machine code monitor and 110 utili ties in ROM 
• 	 Di rect access video display has 1 K of dedicated memory 

(besides 4K user memory) , lea lures upper case. lower 
case . graphics and gaming cha racters for an effective 
screen resolu tion of up to 256 by 256 points. Normal TV's 
with overscan display about 24 rows of 24 characters: 
without overscan up to 30 X 30 charac ters. 

EKtra 
• 	 Available expander board fea tures 24K static RAM (addi· 

tional). dual mini-floppy interface. port adapter for printe r 
and modem and an OSI 4S line expansion interface. 

• 	 Assembler /editor and extended machine code monitor 
available. 

rOrder direct or from your local Ohio Scientific dealer. 
I r I I'm in terested. Send me information on your : 
I 0 Personal Computers D Business Systems 

I 0 Send me a Superboard II $279 enclosed t 
I [ J Send me a Challenger 1 P $349 enclosed I 
I [ I Include 4 more K of RAM (SK Tota l) $69 more enclosed I 

I Name I 
I I 
I Address I 
I 
I City State Zip 

I
I 

I Paymentby: BAC(VISA) _ MasterCharge _ MoneyOrder _ I 
I
I Credit Card Account II 

I
I 

I Expires
I 

Interbank ll(MasterCharge) 
Oh•O Res1c1en1s aclcl 4 'lo Sales Tax 

I
I 

I TOTAL CHARGED OR ENCLOSED I 
L'~' ~s_:,h~e~~r ~~S~nless~h~,'.:"~ ~u~t ~ ~B~urora . OH 

Interested in a bigger system? Ohio Scientif ic offers 15 
America's Largest Full Line Microcomputer Companyother models of microcomputer systems ranging from 

single board units to 74 million byte hard disk systems. 1333 S. Chillicothe Road • Aurora, Ohio 44202 (216) 562·3101 
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Considering a Micraca111puter? 

Be Sure to Check Out the Product Offerings of the World's Largest 
Full Line Microcomputer Company. 
All Ohio Scientific machines come with microcomputing's fastest full 
feature BASIC-in-ROM or on-Disk for instant use. 

r I Series 
Economical computer systems that talk in BASIC. 
Idea l for hobbyists, students, education and the home. 

Superboard II - World's first complete system on a board 
including keyboard, video display, audio 
cassette, BASIC-in-ROM and up to BK RAM 

Challenger IP - Fully packaged Superboard II with 

power supply 


Challenger IP Disk - Complete mini-floppy system 

expandable to 32K RAM 


Chelleng r llP eri 
Ultra high performance BUS oriented microcomputers for 
personal, educational, research and small business use. 

C2-4P - The professional portable 
C2-8P - The world's most expandable personal machine 

for business or research applications 
C2-4P Disk - The ultimate portable 
C2-8P Single Disk - Ideal for education, advanced 

personal users, etc. 
C2·8P Dual Disk - Most cost effective small 

business system 

Challeng r II Seri I lnterf e S ri s 
Same great features as Challenger llP Series for those who 
have serial terminals: small business, education, industry. 

C2-0-Great starter for users with a terminal 
C2-1 - Great timeshare user accessory; cuts costs 

by running simple BASIC programs locally 
C2-8S - Highly expandable serial machine. can 

add disks, etc. 

Challenger Ill The Ultimate in Sm II C mput 
The unique three processor system for demanding business, 
education, research and industrial development applications. 

Minimum Base 
Configuration Price 

4K RAM $ 279 

4K RAM $ 349 

16K RAM $1190 

4K RAM $ 598 
4K RAM $ 799 

16K RAM $1464 
16K RAM $1738 

32K RAM $2597 

4K RAM $ 298 
4K RAM $ 498 

4K RAM $ 545 

r 

32K RAM $3590 

OHIO SCIENTIFIC also offers you the broadest line of expansion 

accessories and the largest selection of affordable software! 


Compare the closest Ohio Scientific Model to any other unit you are con

sidering. Compare the performance, real expansion ability, software and 

price, and you will see why we have become the world's largest full line 

microcomputer company. 


I'm Interested in OSI Computers. Send me information on: 

D Personal Computers D Small Business Computers 

D Educational Systems D Industrial Development Systems 

D I'm enclosing $1.00 for your 64-page small computer buyer's guide. 

Ohio residents add 4% tax . 

Name 

Address 1333 S. Chillicothe Road 

City Aurora, Ohio 44202 


________Zip.____ (216) 562-3101
State 

Phone ------------
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C3·S1 - World 's most popular 8" floppy based 
microcomputer 

C3·0EM - Single package high volume user version 
of C3-S1 

C3-A - Rack mounted multi-user business system 
directly expandabe to C3-B 

C3-B - 74 million byte Winchester disk based system. 
World 's most powerful microcomputer 

dual floppys 
32K RAM $3590 

dual floppys 
48K RAM $5090 

dual floppys 
48K RAM $11 ,090 

dual floppys 
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A Microprocessor 

Part 2: Instruction Set Dead Ends, 

However, a number of our decisions have 
been reasonably challe nged, and here we 
hope to present ill um ina ti on and defense. 
Whi le we are aware of a number of improve· 
ments which might have been included, th e 
whole point is to sel l a reasonably sized (and 
thus reasonably priced) integrated circuit. 
We hope that archi tectu ral errors of com· 
mission, as they are fou nd, wil l be seen in 
I igh t of the complete design. We are not 
aware of any such errors at this time. 

Point 1: 

The rep laced instructions (PSH A/ PU LA, 
TAB/T BA, INX/DEX) al l take more cycles 
and by te s than before. Why did you do such 
a th ing7 

Copyright 1978 by 
Terry Ritter and Joel Boney 

Photo 7: Layout. Layout 
designer Tony Riccio adds 
a line in a large lay out cell. 
The various colored lines 
represent different types 
of conductors (metal, 
polysilicon, N+, etc) which 
will be formed on the 
integrated circuit. (The 
yellow dots represent 
problems to be corrected.) 
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Terry Ritter and Joel Boney 
Motorola Inc 

3501 Ed Bluestein Blvd 
Austin TX 78721 

In part 1 of th is se r·ics (sec January 1979 
BYTE , page 14) we discussed the ins truc
tion set and other deta ils of the Motorola 
6809 processor. Par-t 2 is a question and 
answe r discussio n of the design ph ii osop hy 
that went into the 6809. 

Any change from old to new inev itab ly 
brings criticism from someo ne. Indeed, 
any failure to change to inc lude someone's 
pet id eas brings its own cr itic isms. We have 
not been iso lated from sometimes severe 
criticism, nor from its pol itical implications. 

http:Public.ii


for the Revolution: The 6809 


Old Trails and Apologies 


Answer 1: 

Consider: the question is not just PSHA/ 
PU LA, but rather PS HA/PU LA/PSH B/PU LB/ 
PSHX / PULX / PSHY / PULY /PSHU/PULU, 
etc, as well as simi lar op codes for the 
other stack. There are only 256 7 byte op 
codes. If the PUSHs and PU LLs are made 
1 byte, others must be made 2 byte, and 
these will take more cycles and bytes than 
before. And the macrosequenced PUSH 
or PULL instructions are more efficient 
than 1 byte op codes when more than one 
register is involved. 

Similarly, as more registers are added, 
the number of possible transfer paths 
become combinatorially larger. Do you 
really want to give up that number of 1 byte 
op codes? 

l ! 

:: 

: 

As for I NX/DEX, we find that these 
were frequently used in 6800 code because 
they were more convenient than any other 
alternative. We now offer autoincrementing 
and autodecrementing indexing as a viab le 
(ie : shorter, in cycles and bytes) alternative. 
We also allow arbitrary additions to X, Y, 
U and S. 

Point 2: 

I don 't see any facility for expanding the 
64 K address space. 

Answer 2: 

True. Memory ex pansion is possible, 
but consider this : microprocessors are 
products of a mass production techno logy 

Photo 2: Breadboard de
sign. After partitioning the 
logic, the MOS (metal 
oxide semiconductor) dia
gram is translated to TTL. 
The required ten boards 
are then designed and 
built. Meanwhile, Bill 
Keshlear updates the logic 
changes on the master 
copy of the logic diagrams, 
since they will imply 
changes on the boards. 
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processor cost is no longer a system li mitin g 
factor. It is generally in appropriate to use 
a single $20 processor to control $10,000 
worth of memory; the single processor 
cou Id use onl y a fractio n of the bandwidth 
resource ava ilable in that much memory 
(here, bandwidth means the maximum pos
sible rate of change of storage state under 
processor control). A fa r more reasonab le 
approach is to place the same tota l store 
on ten processors and give yourse lf the 
possibility of major throughput imp rove
ment. Naturally you 'II have Lo learn how to 
control all this power, but if you're an 
innovative systems designe r·, that's exactly 
your job. 

There are two principal div isions of 
multiprocessor systems, depend in g on the 
degree of coupling between the processors. 
Closely coup led processors usually com
mun icate through some common memo r·y; 
loose ly coup led processor·s communicate 
through input/output ports, ser ial lin es, 
or other· "s low" communications channels. 
Loosely coup led systems can usually be 
un derstood as networks of quasi-inde
pendent processors. 

Now, let's cons ider a concept that we 
call "smart memory." One reaso n for 
wanting more address space on a processor 
is to random ly access a large store of on line 
data. Most of your processi ng is spent cata
loging data, storing data, moving, searching 
and updating data. If you wan t to handle 
more data, you put on more memory and 
the system gets bigge r and slower. 

But suppose you put a processor on 
each reasonable piece of memory (16 K 
or whatever). Make the program for that 
processor rea ll y dumb - make it just take 
orders for data. Its whole purpose is to 
handle data for the command processor; 
it stores, moves, searches and updates. 
But for now , il does only memory opera
tions. Now hook a lot of these "smart 
memory" mod ules onto your system (the 
IEEE 488 bus shou ld work), and command 
a search. All the modules search in para llel, 
and if you grow and put on more modu les, 
you handle more data just as fast as ever! 

The second major approach to mu lti
processor systems is what we cal I shared 
bus multiprocessing. Multiple micropro
cessors are closely coup led t hrough a com
mon bus and a proper subset of their mem
ory address space. 1 t is crucial to see the 
common bus as the bandwidth limiting 
resource; each processor should use its own 
local memory and stay off the common 
bus until it needs access to the common 
store. 

Multiple requests for common memory 

access might be issued by various processors 
at exactly the same moment. 1 t is there
fore necessary to arb itrate among them, 
switching exactly one processor onto the 
common bus, and allowing it to proceed 
with its memory access while the others 
are held not-READY . 

1t shou ld be clear that the same concept 
(a common bus arbitration and sw itc hing 
node) can be hierarchically extended. 
Further, the addr·ess ing capabi lity can be 
ex panded and possibly remapped at each 
node to al low fast random access to huge 
amounts of on Iine mass storage. Such 
obvious ex tension is le ft as an exercise for 
the serious student. Perhaps you are thinking 
that you can build it, but nobody can write 
the software to control it. We are not insen
sitive to the problem, just unhappy with the 
attitu de. We worked hard to give you the 
tool; al I you have to do is learn to use it. 
Every new tech nology is like this - our 
scientists sti ll don't know how to fu lly con
trol the atom, but that doesn't stop atomic 
fus io n from bei ng one of the most attractive 
"games" around since the payoffs ar·e huge. 

Nobody has a chance to deve lop complex 
multiprocessor software unti l she or he has 
a rea l multiprocessor system. Now, for $500 
and a little work, you've got the hardware. 
It's time to start learn ing to contro l these 
systems. If it's hard one way, do it another. 
The power is there for use. 

Point 3: 

You still d id n't include block operat ions, 
did you? 

Answer 3: 

No - and we could have. Bu t have you 
looked at how often block instt·ucLions 
cou ld rea ll y be used in your progr·ams? And 
how much code is needed to dupl icate 
them you r·self? And how often they don't 
r·eally do exactly what you wanted ? And 
how fast they wou ld run compar-ed to your 
programmed version? Please do look . We 
think the autoincrement and autodecrement 
indexed addressing is a far more genera l 
solution. 

Po int 4: 

No bit manipulation, either. 

Answer 4: 

Are you really willing to pay 10 to 20 
percent more just for bit manipulation? 
Program coded bit manipulation takes a 
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Beautiful "Computer Chess" Reproduction-only $3.95! 

This dramatic reproduction of the October '78 Byte cover art has been 
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heavy, 80 lb., matte finish, coated stock, excellent for the finest framing if 
desired. 
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Photo 3: Visual inspection. Some o f the gross processing errors or problems 
that occur with probing equipment can be detected visually. Here, lead 
production operator Mary Celedon checks a 6802 wafer. 

little longer, but is more general, and prob
ab ly is located in a very lightly used portion 
of your program, thus having very littl e 
effect on your total throughput or progra m 
size. 

Po int 5: 

Why no undefined op code trap? 

Answer 5: 

Because the machine is a random logic 
implementation . The unused op codes are 
used as "don't cares" in derivation of 
intern al logic equations, thus allowing re
duced logic and integrated circuit size. 
Failure to include the don' t cares in the 
logic equations would result in a larger and 
more expensive circu it. 

Point 6: 

Some other processors allow both in
dexed before indirect (indexed ind irect) 
operation and indirect before indexed 
(indirect indexed) operation, but yours 
does not. Why? 

Answer 6: 

First of al I, we wanted our addressing 
modes to operate on al l of our memory 
instructions. Secondly, indirect indexed 
addressi ng has much lower utility than our 
indexed indirect form. Thirdly, we didn't 
strip down our instruction set, so real 
features were getting a little precious. 
Everything has to fit on one chip, remember. 

We had considered the possibility of 
inc lud ing a sort of chained addressing, 
in which the memory data would be inter
preted as a new indexed postbyte capable 
of specify ing a complete new addressing 
operation. This sort of thing could continue 
to indefi nite levels, of course. But such an 
instruction would then be executing data, 
which is usually a bad idea (self-modifying 
code) and is also the reason why we include 
no EXEcute instruction. (Natura ll y, EXE
cute can be emulated if you really need it, 
but since EXEcute is usually used to make 
up fo r the lack of powerful addressing 
mode s, it will not like ly be missed from the 
6809) . Furthermore, this executed data 
would almost certainly be discontiguous 
in the memory space, making even the 
analysis of the simple case (read only 
memory) programs extremely difficult. 
Placing such an uncontrol lable gimmick 
in a processor design would be like placing 
a glittering knife in front of a baby , and 
would be similarly irresponsible . 

Poi nt 7: 

You have a MULtiply, but no DIVide. 

Answer 7: 

True enough. Multiply operations are 
required in high level language subscript 
array ca lculations, but how often do you 
real ly need divide? Do you really want to 
pay for something you will rarely use and 
can do easily with a program? Additional ly, 
the unsigned mu ltiply is easily capable 
of extension into multiple precision arith
metic. (Try that with a signed multiply!) 
Divide does not decompose as nicely. This, 
combined with the absence of similar 
inst ructions in the machine (divide needs 
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24 bits of parameters, both in and out) 
was enough to leave it out 

Point 8: 

Your regi sters are all special purpose. 

Answer 8: 

Well, in a way, as we have 16 bits of 
accumulator and 64 bits of usable pointers 
plus some others. This basic dichotomy 
of data and pointers to data exists in prac
tice, and is therefore rarely a problem with 
our implementation . But the EXG in
strnction allows convenient manipula
tion between these groups in any unusu al 
circumstances. 

Point 9: 

Why did you include all those new 
addressing modes? I 'II never use them. 

Answer 9: 

We expect that you will use the new 
address ing modes, and quite heavily . Th ere 
are a lot of different indexed options. But 
notice that the large number of different 
mod es is a result of including all permuta· 
Lions of a few basic ideas. 

Fundamentally, you can index from any 
pointer register (x 4), use indexed indirect 
access (x 2), and have accumulator offsets 
(x 3) or constant offsets of up to 16 bits in 
three versions {x 3) (see box at lower right) . 
But if you work in assembly language, you 
don't need to figure addresses, so the differ· 
ent constant offset modes may be ignored. 
And if you select an ad dressing mode which 
is not avai lable, the assembler will politely 
inform you of your indiscretion. 

Alternate ly, you can specify au to incre
ment or au todecremen t operations (x 2), by 
either one or two (x 2), which may be in· 
directed (x 1.5) (except th ere is no indexed 
autoinc rement and autodecrement by one 
indirect - think about it). Finally, constant 
offsets are al lowed from the program 
counter (x 3) and these may also be in · 
directed (x 2). 

There are a lot of modes, no doubt 
abo ut it. But relatively few new ideas are 
required to gain full contro l over those 
powe rful new features. 

Point 10: 

I would have liked an operating system 
call instruction which carried a parameter 
to the operating system. 

Answer 10: 

So wo uld we. Unfortunately, the location 
wan l to use for parameters may not (and 

probably wi ll not) be what you want to use. 
It is des irab le to allow both constant and 
variable parameters to the opera tin g system. 
Wh at you do get is two more trap-like 
software in terrupt (SWI) inst ructions; the 
instru ctions SWl2 and SWl3 do not mask 
interrupts as SWI does, thu s al lowing use 
even in interrupt driven programs. Param
eters may be passed in any register, or on 
the stack, or as the next byte of in line 
code. All o f this will require some overhead, 
but the scheme is far more general than a 
trap that carr ies a parameter. 

Point 11 : 

Tell me aga in about the stack poi nters: 
why two stack po in ters? 

Answer 11: 

Good point. The origin al reason for 
adding the user stack pointer was to facili· 
tate the creation of a data stack in memory 
that is se parate from the program stack . 
This avoids one of the serious prob lems 
of using a second generation processor 
in a modular programming environment 
that or retLJ rn ing parameters to a cal ling 
routine. We want to pass parameters in a 
position independent manner, of course, 
but the return from subroutine (RTS) 
in trucrion use the top element of the 
tack as a re turn addres, ancl this address 

is placed on the stack be fore th e subroutine 
i entered. On the 6800 there wi ll be a lot 
or stack rearrangement going on to get 
aro und this prob lem. The user stack pointer 
was created as a new stack unencumbered 
with return addresses (or interrupt state 
informat ion) to allow data to be passed 
between routi nes of different levels in a 
reasonab le manner. And since the new stack 
wo rks exactly like the old , there is rela· 
tive ly small silicon cost involved. 

We do suspect, however, that many pro
grammers will e lec t to accept the overhead 
involved with passing petrameters on the 
hardware stack (note that the ove rh ead 
prob lem is greatly reduced with th e 6809). 
These programmers wi II be concerned 
with the access of parameters placed on the 
stack by higher leve l routines. Notice that, 
as more elements arc added to the stack, 
th ese same parameters are referred to by 
vatying offsets with re pect to the stack 
pointer itself: this is bad, since it becomes 
difficult to analy ze exactly which va lue is 

The notation (x n} 
means there are n ways 
to perform that parti
cular operation. (x 7.5) 
means there are two 
ways to perform that 
operation but not every 
addressing mode is 
allowed. ... RGAC 
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Photo 4: Editing the lay
out. Drafting manager 
Way ne Busfield and senior 
layout designer Rick 
Secrist make changes indi
cated by engineering 
analy sis. This iterative pro
cess improves performance 
and production y ield, and 
thus lowers cost. 

being accessed by any given subrou tine. 
Thus many programmers will use Lhe U 
register as a stacl< mar/? pointer, fixed al 
some previous location of Lhe slack poin ter. 
All lower level mod ul es will then be able 
to refe r to the same data by iden tical off
sets fro m the U register. 

Point12 : 

Wh y do Lhe 6809 stack po in ters po in t 
to th e last item on Lhe slack rathe r than 
the nex l free locat ion, as on the 6800? 

Answer 12: 

Th is archi tec tu ra l change was virtu ally 
mand ated by fo llowing Lhe chain of logic 
that resul ted fro m ex tend ing the 6800 into 
doubl e byte, autoincrement and stac k 
indexabl e operations. 

First , let us assume the above ex tensions 
with a 6800 sty le stack : th e stack pointer 

thu s points one byte below (l ower in mem
ory) the last byte deposited. Na tu1·ally the 
other poi nte rs should work similarly (al low
ing Lh eir use as add itional stac ks, and re
quir ing no new understanding}. This means 
th at the autoindex opera ti ons have to be 
pre incremenL and postdecremenl. Now, 
su ppo e we have a stac k or La ble of double 
byte data; th e data pointer must be set up 
one byte below the data to prepare fo r 
au toi ncrement (or pull) opera ti ons. To 
access the first val ue, the express ion 
LDD ,+S mu st be used , while succeedi ng 
opera tions ap pear Lo need LDD ,++S. This 
re ult is no L grea t for loo ps. Alternately , 
the stack poin ter could be made to point 
two by tes above the st ac k fo r doub le byte 
data only. This would req uire d iffere nt 
offsets fro m the stack po inter (to access, 
say, the top of the stack) depending upon 
th e size o f the data being accessed. Different 
offsets would also be requi red , depending 
on whether the data was ju st be ing used, 

38 Fobruuy 1979 (> BYTE Publiw;on1 Inc 



or being pu lled from the stac k. This i work
able, but no t gr·ea t concepLU al ly. An o ther 
po ibi lity is to fo rm the effective add ress 
frnm th e va lue of th e po inter ;:ifter onl y 
the first increment. Th is " klu ge" so lut ion 
would be hard tu i111plcment anyway, ~o 

we changed the stack . 
r hi - chain of 1caso11 i11 g is an exa mpl e 

ol the d i Fere nce be twee n arch itec tu ra l 
de ign ,111d ius1 -;l,1p pin g ins 11 uc1iom 
together. 

Poinr13 : 

Wh y not have more regis ter ? 

Answer 13 : 

Good d es i gn ~ Mc often the resu lts or 
engineer ing com pro mises. To mee t produc t 
siLe goa ls, onl y so mo1 ny things can go n 
,1n in tegra ted circui t. You can have rcgi~

tc r·s, or fea tu res, ur some combina tio n. The 
6809 docs hdvc dpproximatcly 20 addre sing 
modes. 

Registers for the sake of registers amoun1 
Lo littl e mo re th an scpdfa te, very cx p c n ~ i ve 

and rest ricted memory areas. Th e reg ister 
reso urce is ,1lw<1ys insu ffic ie nt to hold 
tempo rary resu lt s in cl la rge program, dnd 
mu st be rea ll ocated in va rious ro ut ines. 
Th is alloca ti on process is an erro r pro ne 
programming ove rhead . A separate register 
set lor in terrupt processing is suitable onl y 
fo r one interru pt leve l and, otherwi se, is 
most ly wasted. 

A fe w rcgis te r·s full y supported by fea
tures are be tter than just having d lot of 
regis ters. 

Point 14: 

Wh y no in struc Lio n to load or store 
th e d ir-ec t page reg ister? 

An swer 14: 

Th e d irect page register is one of th ose 
possib ly dangero us fea tures wh ich was just 
too good to pass up (in term s of substan tial 
benefits for minimum cost ). The benefit 
inclu de an opera ti on length red ucti on o f 
33 percent for inst ru cti ons using abs lute 
addressing and a concurre nt through1 u t 
in crease of 20 percen t. It now becomes 
possib le to optimi ze code, perhaps allow
ing dn oversized program to fit with in 
discre te read o nl y memory bou ndarie~. The 
direc t page register 111<1 y also be used in d 

mu ltitasking envi ro nme nt to all ow single 
copies of rout in es to operate with mu ltipl e 
independent processes . However, provid ing 
a separa te slack area ,111d hav ing each rn u tim.! 

-Lo re loc,tl v.tl ucs on the st;ick mdy be a 
bette r solution , 

Because a num ber of 6809 instruc tio ns 
(cg: IN C/DEC, ASL/ASR/ ROL / ROR/ LSL, 
TST/CO 1/CL R/NEG) opera te directly on 
memory, Lhc Jircc l page <lrCd may be used 
very much lii-c a proces or with 256 8 bit 
regi,ter t1 hul cl cuunters, fl ags and ser ial 
i11forn1<1tiu11. So, perhaps mos t im portd ntly , 
the direc t pdgt.: reg iste r re laxes the system 
req ui remen t for progra mmab le memory at a 
part icu l.1r location (page 0) to use direc t 
address ing; the cus t is a single 8 bi t register 
.111d no new instruct ions. 

The programmer is cau tioned to tread 
carefu ll y when using the direct page regis
ter. All lorrm o r db olule <1ddrcss in g for 

Photo 5: First silicon engineering analy sis. Logic and circuit design engineer 
Bob Thompson trac/?s down a weak node in the first batch of 6807 chips. 
The 6801 die is paclwged, but not sealed, so that internal nodes may be 
probed while in operation. Viewing through the microscope, a probe can be 
placed at critical points equivalent to the layout plot. The chip itself is 
running a modified EXORcisor system, and the scope actually displayed an 
in ternal signal with excessi11ely slow rise time. 
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Table 7: 6809 ins truction set. 
tempor-ary values and parameters present 

8 BIT OPERATIONS problems in the development of large pro

Mnemonic 

ABX 

ADCA, ADCB 

ADDA, ADDB 

ANDA, ANDB 

AN DCC 

ASLA,ASLB,ASL 

ASRA , ASRB, ARS 

BITA, BITB 

CLRA,CLRB,CLR 

CMPA, CMPB 

COMA, COMB, COM 

DAA 

DECA,DECB.DEC 

EORA,EORB 

EXG R1, R2 

INCA, INCB, INC 

LDA,LDB 

LSLA, LSLB, LSL 

LSRA, LSRB, LSR 

MUL 

NEGA, NEGB, NEG 

ORA, ORB 

ORCC 

PSHS (registerlg 

PSHU (registerlg 

PU LS (registerl8 

PU LU (registerlg 

ROLA. ROLB, ROL 

RORA, RORB, ROA 

SBCA. SBCB 

STA, STB 

SUBA. SUBB 

TSTA,TSTB, TST 

TFR R1, R2 

Mnemonic 

ADDO 

SUBD 

LOO 

STD 

CMPD 

LOX , LOY , LOS, LOU 

STX, STY, STS, STU 

CMPX, CMPY, CMPU, CMPS 

LEAX , LEA Y. LEAS, LEAU 

SEX 

TRR register, register 

EXG register, register 

PSHS lregisterlg 

PSH U (registerl8 

PULS (registerlg 

PULU (registerlg 

Description 

Add B register to X register unsigned. 

Add memory to accumulator with carry . 

Add memory to accumulator. 

And memory with accumulator. 

And immediate with condition code register. 

Arithmetic shift left accumulator or memory. 

Arithmetic shift right accumulator or memory . 

Bit test memory with accumulator. 

Clear accumulator or memory . 

Compare memory with accumulator. 

Complement accumulator or memory . 

Decimal Adjust A accumulator . 

Decrement accumulator or memory . 

Exclusive or memory with accumulator . 

Exchange R 1 with R2. 

Increment accumulator or memory. 

Load accumulator from memory . 

Logical shift feft accumulator or memory . 

Logical shift right accumu la tor or memory. 

Unsigned multiply (8 bit by 8 bit= 16 bit) . 

Negate accumu lator or memory . 

Or memory with accumulator. 

Or immediate with condition code register . 

Push register(s) on hardware stack. 

Push registeds) on user stack. 

Pull registedsl from hardware stack . 

Pull registe r(s) from user stack. 

Rotate accumulator or memory left . 

Rotate accumulator or memory right. 

Subtract memory from accumulator with borrow. 

Store accumulator to memory. 

Subtract memory from accumulator . 

Test accumulator or memory . 

Transfer register R 1 to register R2. 

16 BIT OPERATIONS 

Description 

Add to D accumulator. 

Subtract from D accumulator. 

Load D accumulator. 

Store D accumulator. 

Compare D accumulator. 

Load pointer register. 

Store prlriter register. 

Compare pointer register. 

Load effective address into pointer register. 

Sign extend 

Transfer register to register . 

Exchange register to register. 

Push regis!eds) onto hardware stack . 

Push registeds) onto user stack. .ti" 
Pull reg isteds) from hardware stack . 

Pull registeds) from user stack. 

grams. Attempts to enlarge the number 
of direct locations by manipul ating the 
direc t page reg ister may be tricky. And 
manipulation of the register by subrou
tines may lead to errors which switch the 
ca lling routines direct page in remote (ie: 
ub ro utined) unobvious code. Therefore, 

th is register is made del iberately difficult 
to play with . Typ ical ly, it should be set up 
once and left there. To load the direct page 
regis ter you can proceed as follows : 
EXG A,DP; LOA # NEWDP; EXG A,DP . 
Alternate ly, the d irect page register is also 
avai labl e in PUS H/ PULL instructions, but 
misuse is discouraged through lack of 
LDDP and STOP. 

Point 15 : 

You preach consistency, yet you give us 
LEA, an instruction with different condition 
codes for different registers. Why is this so? 

An swer 15: 

The Z flag is unaffected by LEAS or 
LEAU, but condi tiona ll y set by LEAX or 
LEAY depending on the va lue loaded into 
the register. This provides 6800 compat i
bi lity with INX/DEX (implemen ted as 
LEAX l ,S or LEAX - 1,X) and INS/DES 
(implemen ted as LEAS l ,S and LEAS 
- 1,S), respect ive ly. 

Now clearly, if most 6800 programs 
ar-e going to r-un on th e 6809, the use of 
INX/DEX for event counts must be rec• 
ognized. But in 6809 programs, releasing 
local stack area before executing RTS 
will be a very freq uent action (LEAS - 9,S; 
RTS) " cleaning up the stack." You do want 
to return a previous condi tion code value 
undamaged by the LEAS, so you get two 
type of LEA. 

Point 16: 

What about positron independent code? 
Doesn't the 6800 al low it, too? 

Answer 16: 

Position independent code is one crucial 
facto r in ach ieving low cost software _ (Posi
tion independ ent temporary storage and 
input/ou tpu t must also be available.) Only 
read on ly memories which may be used in 
arbitrary targe t systems are economical ly ,! viable in the context of mass production. 
And on ly these read only memorie can 
resul t in low cost firm ware for us all. 
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Mie1'0eompute1-s An~ne '! 

SCELBrl 

8080 

GALAXY 
ZBO 

INSTRUCTIONllAME 
HANDBOOK 

SCELBI BYTE P·RIMER. The ultimate band· 
book about microcomputera. Edited by the elt· 
perts at SCELBI and BYTE. Over 400 pages of 
10lld baaic information. DelC!l'ibes what can be 
done with a microcomputer. How micro· 
computers work is treated thoroughly. Intro· 
duces th11 6800, 8080 and Z80 CPU chip cap· 
abllltlea. RAM and ROM memories. Aildreaing 
method•. All about building your own micro· 
computer 1Yltem. l'l:ollTIIJttDling .tor the beain· 
ner. Auembling programs by hand. Monitoring 
pro1rsm1. Number converalons. DeaigJL your 
own .-mbler. Plua much more. A real bargain. 
JUST $10.96. Check No. 08 on order coupon. 

BA:RDCORB SOFTWARE UPDATE. Sub1Crlbe 
to this brand new publication. lt'1 publiabed 
with you in mind - the u•r or small computer 
sy.tem11. You 'II get &i,z idea-packed iauea per 
year. Content. include: Game pro~• you 
can use. Improvement.a for machine lan1W111e 
Jl'lotramL Coverage of hith·level data hue 
manqement system. Valuable tipa on gettint 
the l!IOat out of your system. And much 
more! The kind or in.to you juat can 't 11et from 
the masazinea. How much are ideaa worth? If 
they help you to maximize your 1Yal.em they 
can pay olf really big. Hatdcore Software 
Update ia a flood idea. It cost& only $10 per 
yeu You can't beat that. Send In your 1Ub
aeriptlon now! Check. No. 10 on order coupon. 

LEARN MICRO-COMPUTERS. A new multi· 
media inrormation packa1e. Includes teit~ 
(UNDERST ANDINO MJCROCOMPU'l!ERS) 
plus blgh·quallty. caaeue. For the beginner just 
starting in m~ocomputeu. Covers all the 
basics, quickly, easily and enjoyably. All t'1e 
'.fundunentala behind the operation of vir~ually 
every microcomputer. Clear. Concile. Tells 
what to look for in buying a microcomputer. 
Companion tape Includes cliapter·by·chap!er 
synopaia of the book. Key review questions. JU. 
ferencea to page numbers for further review. A 
great new idea for seU study. ONLY $14'.96 . 
Check No. 06 on the order coupon. 

UNDERSTANDING MICROCOMPUTERS. Ac
cepted aa the standard for the neophyte. 
300·P&11e nO·nonaenae easy-reading text. In· 
eludes lllmple-to·use 1losary or key micro
computer 1'10rda. Oivea extra tmowled1e for 
reading and undentan4ine computer ma11azlne1 
and manufacturer's literature. Content& in· 
cludea inatnactiona for microcomputera. Ma· 
chine language 'pr(>gramming. High level Ian· 
1JU&11e. Input/output devlcea. Syatem con· 
slderationa. IDuatra€ea buic inatructlona 
from almost every cJaaa of microproceuor. 
Gives an Introduction to BASIC. JUST $9.96. 
Check No. 07 on the order coupon. 

TAKE MY COMPUTER •.. PLEASE! An 
uproariouoly funny full length book about the 
true-to·lile misadventures of the author (Steve 
Ciarcia) and his aomputer'a inability to co· 
operate. Page after page of nonsense, jollies and 
even Ulustrations to bting the stories to life. 
Read his attempt to beat the Jai·Ala.i system. 
Or, bow he attempts a sl.ock market killing but 
lop the wrong info into his broker's computer. 
What happens when Steve set& up a computer
iud speed trap? Hardcover. JUST $5.96. Check 
No. 09 on the order coupon. 

PIMS - PERSONAL INFORMATION MAN· 
AGEMENT SYSTEM. Unleash the power of a 
microcomputer -for your personal benefit. Use 
this data·baae management ayatem aa an alterna· 
tive to programming. All Ii> one neatly bound 
volume: The microcomputer and lt.s potential 
(Qr personal use. Ways in .which your micro
computer can be helpful in everyday life and 
serving basic personal needs. PIMS program 
liatina and flowcbart. 15 sample ways in which 
PIMS can work to your personal advanta11e. 
Written In BASIC languall<!. Ready to u.e ! 
ONLY $9.95. Chock No. 05 on order coupon. 

SCELBI'S 8080 GALAXY GAME. Here's your 
chance w match wita against the logic of your 
8080. Search and destror a random .number of 
alien ahlpa. But dol'l 't run out ot time, out of 
fuel, ouL ol ammunition or out of the galaxy. 
Plan your mJuions through 64 quadrants aub· 
divided into 64 eectort. Listing uses menu· 
tacturer'• recommended mnemonica. Manual in· 
eludes aasembled source I!st ing In hexadecimal 
notation. Octal dump also provided. Resides in 
Ju1t 4K or memory. Includes flow charts, Ulu1
tration1 and lots more. ONLY $9.95. Check 
No. 04 on the order coupon. 

• ·IS 'ii M 

Z80 INSTRUCTION HANDBOOK. Your com· 
pletc guide to the powerful Z80 instruction M!t. 
Thia handy. com pa.ct reference provides a cleai 
explanation. lt's an ever ready instant reference 
that can be carried In your pocket. Explains the 
instruction set in meticulous detail. lndu1Lry 
standard mnemonics are used throughout. 
~chine codes are presented in both octal and 
hexadecimal format. A convenient index liata 
all instructions alphabetically along with 
machine codes and timing information. A 
practical guide for the novice, intermediate or 
advanced programmer. ONLY $4.96. Check 
No. 03 on the order coupon. 

SCELBl'S SOFTWARE GOURMET GUIDES 
AND €00KBOOKS. For the 8080 or 6800. 
Now you can cook up mouthwatering program•. 
Delectable "how to" facts include 8080 or 
6800 instruction sets. How to manipu.late 
atacka. Plow charts. Source listings. General 
purpose routines tor multiple precision opera· 
tion . Programming lime delays for real time. 
And much, much more . . Includes floating point 
arithmetic routines. ONLY $10.96. Check No. 
01 on the order coupon for the 8080 Cook· 
book. Check No. 02 for the 6800 Cookbook. 

See tbeae publications at your favorite com• 
puter/electxonics dealer, or order direct. 

IMPORTANT ORDERING INFO! Include 75f 
poatage/handlinll for each Item to be delivered 
by U.S. Mall book rate, or $2 for each Item to 
be tlilpped via Fust Claaa or UPS. Hardcore 
Software Update aubscription lncludea postage; 
extra payment is not neceuary. Pricea shown 
are for North American cuatomera. Mutet 
Charge, VISA, Postal and Bank Money Orders 
preferred. PerlOnal checka delay mlpping up lo 
4 weeb. 

SCELBI Publications 
P.O. Box 133 PP STN, Milford, CT 06460 (203) 874-1573 

Pfean 1«1od ·the bookt indlcmod bf!!l ow. My payment tincludrng sh ippingJtumdUng chorgcil Is cncloRd. or bt!ttt r yer, plnasa 
c:h1rge my Mmncr Charge or VIS'A account . 

0 No. 01 0No. 02 0 No, 03 0 No. 04· 0No. OS 0No. 06 ONo. 07 0 1'1o. 08 0No. 09 ONo. 10 

N.omo lplo11aprinl) ___________________ _ ___ _ _ _______ 

Card No. ----- ------- Bank No. _ _ ________ Exp.___ ______ 

Addt~• ----------------------------------;--
Chy •nd Steto _ ____________ ___________z;p _ ___ _ _ ___ 

~gnatu~ ------------------------------,,.,-----
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Table 7, continued: 

Mmemonic 

O, R 

(0 , R ) 

, R+ 

. A++ 

L R t+ 

• - R 

. --R 
[. --R l 
n,P 

[n , P] 

A . A 

[A, RI 
B,R 

[B, R] 

D,R 

fD. Rl 

INDEXED ADDRESSING MOD ES 

Descript ion 

Indexed wi th zero offset. 


Indexed with zero offset indirect. 


A u toi ncrement by 1. 


Autoincrement by 2 . 


Autoi ncremen t by 2 i ndirect. 


A u todecrement by 1 . 


Autodec remen t by 2 . 


Autodecrement by 2 indirect. 


Indexed with signed n as offset (n=5, 8 , or 16 bits). 


Indexed wi th signed n as offset indirect. 


Indexed with accumulator A as offset. 


Indexed wi th accumu lator A as offset ind irect. 


Indexed w i th accumulator Bas offset. 


Indexed wi th accumu lator Bas offse t indirect. 


Indexed wi th accu mu lator Das of fset. 


Indexed w i th accu mu la tor D as off se t indi rect. 


Note: 	R = X, Y, U, or S; P = PC, X, Y, U, or S. Brackets indicate indirection. D 
means use A B accumulator pair. 

6809 RELATIVE SHORT A ND LO NG BRA NCH ES 

Mnemonic 	 Descript ion 

BCC, LBCC 	 Branch i f ca rry clea r . 

BCS, LBCS 	 Branch i f car ry sel. 

BEO, L BEO 	 Branch if equal. 

BG E, LBGE 	 Branch i f greater than or equal (signed) _ 

BG T , LBGT 	 Branc h i f greater (signed) . 

BHl ,LBHI 	 Branch if h igher (u nsigned). 

BHS, LBHS 	 Brandi if higher or same (unsigned ) , 

BLE,LB L E 	 Branch if less than or equal (signed ). 

BLO, LB LO 	 Branch if lowe r (unsignedl. 

BLS, LBLS 	 Branch if lowe r or same {unsigned). 

BLT, LBLT 	 Branch i f less tha n (signed). 

BM I, LBMI 	 Branch i f n1inus. 

BNE , LBNE 	 Bran ch is not equa l. 

BP L , LBP L 	 Branch if pl us. 

BRA . LBR A 	 Branch always. 

BR N, LBR N 	 Branch never. 

BSA. L BSR 	 Branch to subroutine. 

SVC, L BVC 	 Branch if overf low clear. 

BVS, LBVS 	 Branch i f over flow set. 

6809 MISCELLAN EOUS INSTRUCT I ONS 

Mnemon ic 	 Desc ription 

CWA I 	 Clear condi tion co de reg ister bits and wait fo r 

interrupt. 

NOP 	 No opera 1ion . 

JMP 	 Jump . 

JSR 	 Jump t o subrou t ine. 

RT I 	 Return from in terrup t. 

RTS 	 Retu rn f roni subrout ine . 

SEX 	 Sign extend B regis ter into A regisrer. 

SW I, SW12, SWl 3 	 Sof twa re interrupt s. 

SYNC 	 Syncrhonize with interrupt line. 

The 6800 i> ca ,1bl c po<i iti on inde
pc r1cJcnL code cxcc uti 11 in relatively -,111, II 
program s. Som wh ere around a ·I K by te 
limi t, th e program can no longer <;t1pport ;il l 
con trol-tramler p,iths using b1anch in 1ru 
1iom (even ,1 l lowi ng th(' u> of intcrm ·di::ttl' 
branch " i la1 tis"). Lither ;i long br·,1nch 
'iLlbrou t inc must be U\Ccl (dt a COSl o[ I 00 + 
cy le fo1 each LBSR) or the prngr.1111 mu<;1 

be made po>ilion clepc nclcnl. 

Poi111 17: 

An ·wer 17: 

·1 here arc two problem> associ.tled wi1h 
cl y n;imic memori es: addrc., bus multip lc>.ing 
anti refrc . h . Adcir· s bu s 111ul1ipl e>. ing is th e 
most severe problem but r·cqu ir·cs multi 
pl c>.i ng 6+6 ilddr e li ne {for 4 I memo1 ic>) 

r 7+7 lin es (for 16 K mem ori es); these 
va lLrc arc 1 anicul< r·ly inconveni enl for 8 hit 
proce o r (which usual l y mu lt iplex achJr-c I 
d;na). Thu '>, we have ct 10 cc ,1 proccssOI' 
adcl1 cs thi problem. 

Microprocc o r·s Lh at automaticil lly re
fr esh memory during mosL unused bm cycle 
WilS Le power on unncce ary r-cf'r·cshcs and 
unnecessa ril y increase bu <i .ict i ity. T he 6809 
ca n easi l y rerrcsh dynamic memory in sofL
war·c (a Li rn c1 cau ses intc ru pr cxccu1i on ol 

of F B SI 0 63 times, then RT! ). or ca n sup· 
pan har- clwarc rerrcsh (a dire 1 mernmy 
ac css ID II\ I sequ ence, or iso l Led board 
au toma tic re fr h) at 111in i 111 ,1I co t. 

Poin t 18 : 

What abou L pr ice 7 

An wer '18: 

Th e 6809 will be m o1c expensive than 
in -produ c t ion econ cl genera t ion 8 b i t cle 
igm. For one th ing, it i bigger anti al o new 

both rca on imply 1·eclu cecl yield corn 
pMccl to older pan. /\ muder·ate ly higher· 
rric shou ld n l be d prnb lelll, sin Ct' the 
1rocc.sor c >l i a vcr minor pan ol the 
pr ice of a whol e . ystem. T he tot.ii 6809 
y tem shoul d be near! as p wcrrul Jncl 

much le cx pcm iv• 1ha 11 16 bit des ign>. The 
CO l of llOt usi ng rhe 6809, >11 lhc Ot her 
hand, wil l li kely be >evcre in term s of in
crca eel 1 rogramm ing erro r r·ate., larger read 
onl y rnernoric and de 1·casccl Lhruu 1 hput. 

In " PM! 3: Final Though ts" ( 1Jrch 
1979 BYTE), we will oncludc thi> >Nies 
w ith , cli scu sion f cloc k speed, Lim ing, 
condition code · <1nd ol1w:irc cle ign 1 h ilo
soph y .• 
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2590 IF J· JI GOTO 2610 Listing 7: Missing portion of Tic- Toe- Toe program. 
2600 NEXT JI 

EYTE'sE~gs 

Tic-Tac? 

Our apologies to anyone who entered 
the Tic-Tac-Toe program in "Tic-Tac
Toe in BASIC," by Mike Stoddard 
(December 1978 BYTE, page 174) only 
to find that part of the program was not 
there . Line 2580 obviously should no t 
have been the last line o f the program. 
Listing 1 is the missing section of pro
gram.• 

Zapper Bug 

I noticed a design error in "Zapper" 
(Decem bcr 1978 BYTE, page 100) chat 
would make the circuit quite difficu lt 
for the newcomer to troubleshoot. 

The schematic shown on page 102 
uses a 27 k ohm resistor as the "pull
down" of the program pi n of the 2708. 
This is in direct conflict with the Intel 
book en titled Memory Design Hand
book, copyrigh t 1977. Pages 8 and 9 
state that a resistive pull-down shou ld 
not be used because the low level voltage 

Continued on page 65 

2610 LET N - N- J 
2620 FOR 11 1 TO J 
2630 LET N - N •3 
2640 IF 1- 11GOTO2660 
2650 NEXT II 
2660 ON Nl GOTO 1440. 1710. 1730, 1760. 2670. 2970 
2670 PR INT TAB 171. " I WILL PUT AN x IN eox··.N ." YOUR TURN ., 
2680 LET L ISI N 
2690 GOSUB 2990 
2700 IF F• I GOTO 2690 
2710 LET Ll9 1• L1 
2720 LET N2 - 5 
27JO GOTO 2400 
2740 LET M• J 
2750 LET K3 • 5 
2760 GOTO 1890 
2770 REM GAME STATE PRINT SUBROUTINE 
2780 PRINT 
2790 FOR 1• 1 TO 3 
2800 FOR J• I TO J 
2810 LET GSIOI • "' '" 
2820 LET GSIJ'J - 2 1 - " .. 
28JO LET GSIJ'J - 11- " .. 
2840 IF K i i.Ji I LET GSIJ"J I " O"" 
2850 IF Kil, JI - 4 LET GS I J "JI "' X ' 
2860 IF Kil , JI • 9 LET GS I J " 31 
2870 NEXT J 
2880 PRINT '"\ 2 15\ '" .GS[J I , 
2890 NEXTI 
2900 PRINT ""\ 215 .. 
2910 GOTO 1070 
2920 PR INT TAB 171 , "' ILLEGAL INPUT PLEASE ENTER AGAIN " 
2930 GOTO 2950 
2940 PRINT TAB 17 1. " WE HAVE ALR EADY USED BOX "' , LI ;" PICK ANOTHER ONE ."' 
2950 LET F - 1 
2960 RETURN 
7970 PRINT TAB 171 "' YIPPIE 1' 111 I WIN WITH AN X IN BOX " , N 
2980 GOTO 2780 
2990 INPUT LI 
JOOO LET F 0 
JO I O LETLI INT[Lll 
J020 IF LI < I GOTO 2920 
JOJO IF L I > 9 GOTO 2920 
J040 FOR l • I T09 
3050 IF L i ll LI GOTO 2940 
3060 NEXT I 
3070 RETURN 
3080 END 

This new concept In terminal equipment is a 
for TTY type terminal replacement as wel as for 
3277 replacement•. 

• Typewriter style keyboard. 
• 80 x 24 character display. 
•Hand-fed Hollerith type card and/or • Half or Full duplex. 

badge reader. • Keyswitch lockout of keyboard. 
• Compatible with modems for • Printer Interface. 

remote use. • Switch selectable bBl!d tate and bit 
• 12" diagonal screen. pattern to 19,2K BPS. 

"Requires Phone 1's P1 -5 controller f(lt 3271 or 3272 emlllallon. 

PHOnE 1 
P.O. Box 1522 •Rockford. Illinois 61110 
Phone 815/962-8927 
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Compule1Land® 
AlABAMA 

Et'TE's Eiis 

TRS-80 Printer Use Hint 

Many users of the Radio Shack T RS
80 microcomputer have found the 
optional line printer to be a useful 
com pan ion for their processor. When the 
user adds the printer and the expansion 
interface unit 10 th e Level II equipped 
processor unit, the hardware is ready to 
be used for applications, but the sort
warc mus! still be prepared. A usdul 
kluge (ie: crude method which works 
during a transition period) to speed 
program conversion in making use of the 
printer has been developed by Vance 
James and Richard Bley of Hickory NC. 

The Level II BAS IC statemen ts which 
cause data transfer to the printer are 
LLIST and LPRINT. They correspond to 
LIST and PR INT, which cause data to 
appear on the video display . It is poss ible 
to reverse th e fun ctions of these com
mands under program contro l. With 
reversed function, LIST causes programs 
to be printed on the printer, and PRINT 
causes data to be prin ted . L LIST and 
LP RI NT would then produce output 
on the video sc reen and on th e printer 
(I n the reversed sta te, everything appears 
on the printer, as everything norm all y 
appears on the screen) . 

The program statements which re
verse the keyword functions are as 
follows: 

A=P EE K (16422) 
B=PEEK (16423) 
C=PEEK (16414) 
D=PEEK (16415) 
POKE 16414,A 
POKE 16415,B 
POKE 16422,C 
POKE 16423,D 

The above statements must of course 
have line numbers, but numbers may be 
supplied a t the time this routine 1s in· 

corporated into a program. After th ese 

statements arc executed, the role of the 
video driver routine in the monitor and 
the role of the printe r routine arc inter
changed. To re turn to a norm al sta te 
under program cont rol, th e inte rch ang
ing statements may be executed once 
more . . .. RS • 

TSA Software Address Change 

In the November 1978 Wh at's New 

section of BYTE (page 216). we re

ported on disk based software deve lop

me nt tools from TSA Software. We have 

recent ly been notified of an address 

cha nge. Their current address is: 39 

Williams Dr, Monroe CT 06468.• 


Mechanical Insects? 

People in terested in robot mechanics 
should know about Space Mech animals 
wh ich arc built by a Japanese fi rm called 
GAKKEN . These all metal devices come 
in severa l shapes and sizes ranging from 
the 4 legged to the 20 legged beas ty in 
photo 1 call ed a Giant Astro Centipede. 
This particu lar kit conta ins everything 
necessary to cons truct a 13 inch mech
anica l cent ipede. Even thou gh the 
mecl1ani m can only move forward and 
backward in straight lines the mechanism 
used to control the 20 legs is worth 
studyi ng. 

The Mechanimal ki ts use 2 D cells as 
a power source. I have found some 
trouble powering the kit from batteries 
since there is a large current draw. The 
actual assembly takes two to three hours 
and is recommended for peop le 10 years 
and older. 

Anyone interested in robo ti cs should 
peruse th ese devices to see how the 
motion is derived. I definitely feel th at 
the ce nt ipede model was well worth the 
$39 that I invested in it. For further 
information abou t Space Mechan imals 
contac t PIFC Importers, Portl an d OR, 
who arc the exclusive importers of the 
devices .... RGAC • 

Photo 7; Spacr Mechanimal. 
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If the truth is that you want a 
computer .. . then we want ta be your 
computer store. 

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

You ' ll find a product line that's 
continually evaluated to prov ide you w ith 
the widest ond best selection in quali ty, 
brond name microcomputers anywhere. 
You 'll f ind on enthusiastic and 
knowledgeable stoff able to interpret oil 
the equipment spec ifications, in terms of 
how they opply to you, and in o way 
you 'll understand. You 'll find demonstra tion 
areas where you con get o firsthand 
experience of running o computer yourself. 

CllPmRS 

FIR BUSlllESS 


You'll f ind educational materials to g ive 
you o toto l insight into •he world of 
microcomputers. 

You ·11 find o fully equipped service 
deportmen t to provide whatever assistance 
is required to keep your computer runn ing 
in top-notch condition. You 'l l find computer 
user 's clubs to join, where you con shore 
ideas with people as enthusiastic as 
yourself . And, with each new visit , you ' ll 
find excitement - from the people you deal 
wi th, the equ ipment they offer, and from 
your own ever-growing personal 
involvement. 

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

In business, the advent of the 
versatile ond compact microcomputer has 
put the benefits of computing within reach 
of small companies. With systems starting 
at less than $6000, the businessman can 

CllPITERS 

FIRTHE HIME 


computerize thi ngs like accounting, 
inventory control, record keeping, ward 
processing and more. The net resul t is the 
reduction of administra tive overhead and 
the improvement of efficiency which al lows 
the business lo be managed more 
effectively. 

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

In industry, the basic applications are 
in engineering development, process 
control , and scientific and anal ytical work. 
Users of microcomputers in industry 
hove found them ta be rel iable, cost
effect ive.toals which provide computing 
capability to many who would otherwise 
have to wait for time on a big computer, 
or work with no computer at all. 

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

Whether you want a computer for the 
home, business or industry, come to 
Computerlond f irst . We 'll make it easy for 
you to own your first computer. Because, 
simply put, we real ly want your business. 
When you come r ight down to it, that's 
what makes us #1. 

Computerland® 

WE KNOW SMALL COMPUTERS 

14400 Catalina St ., San Leandro, CA 94577 (415 ) 895-9363 • Franchise Opportunities Available 

BYTE FebnJa<y 1979 45 



U e Your Television Set 


as a Video Mon.tor 


Timothy Loos 
50 Depot St 

Athens OH 45701 

COMPOSITE 
VIDEO FROM 
COMPUTER 

C2 
180pF 

About the Author 

Timothy Loos Is presently finishing 
his PhD work In electrical engineering 
at Ohio .University,. where he is study
ing the interference effects of high 
powered FM broadcasting stations on 
air navigation receivers. His master's 
thesis consisted of a design for a video 
display for a minicomputer. Currently, 
he Is using his TRS-80 system as an 
intelllgent remote terminal, and for 
digital signal processing and communi
cation systems simulation. 
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SN 136 
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I TELEVISION SET GROUND 
m CONNECTED TO ONE SIDE 

LED DRIVER 
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POWER CONNECTIONS 

+5V GND 
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IC2 

IC3 

6N136 

6N137 

7407 

8 
8 

14 

5 
5 

7 

The main problem encountered using a 
standard television set as a high resolution 
video monitor is its limited bandwidth. 
The IF (intermediate frequency) sec tions, 
sound trap circuitry, and video amp lifiers 
all limit the bandwidth of the signal to be 
displayed. An RF (radio frequency) modu
lator used with an unmodified television 
set forms a system capable of displaying a 
signal of up to 3.5 MHz bandwidth. 

Feeding the video signal directly to the 
video amplifier of the set is helpful. Cutting 
out the sound traps also helps, but extending 
the bandwidth 
major modificat
amplifier. 

any 
ions 

furthe r 
be made 

requires 
to the 

that 
video 

+5V 

IOK 

SYNC OUTPUT 
>--41>-t._> TO TELEVISION SET 

SYNC SEPARATOR 

~ MICROCOMPUTER GROUND 

+5V 

8 IC3 
7407 

IC2 

6N137 

+23V 

IK 
112.W 

a3 
2N2369A 

O.IJl.F 

l2.0V TO CATHODE OF 
'--......1----4.._--I r---c:> TELEVISION 

PICTURE TUBE 
HIGH VOLTAGE 
TOTEM POLE STAGE 

Figure l : Schematic diagram for the microcomputer-to-television interface isolation circuit. Two different ground symbols are 
used to denote the isolation of ground paths. To maintain isolation, and therefore safety, the microprocessor should not be 
connected to any port of the television set. Integrated circuit IC3 is on open collector, high voltage, hex buffer of type 7407. 
Capacitor C4 is a 0.07 µF ceramic type used for bypass. The +5 V supply for the sync separator and LED driver is taken here 
from the video output jack of the TRS-80. It should come from the computer's power supply if used with another computer. 
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Among the factors maki ng ex tension 
of bandwidth difficult arc the Mi ller effect 
(which says that the effective base-to-emitter 
capacitance of a transistor is increased 
because of th e added i nduccd charge due to 
the collector·to-ba e capacitance), tra nsisto r 
gain bandwidth limitations, stray wiri ng 
capacitance, and picture tube capacitance. 
Even if you somehow manage to make your 
set displ;iy 64 or more characters per line, 
you probably will not be able to use it as a 
regular telev ision receiver any longer. 

A More Direct Approach 

When I ordered a TRS-80 microcomputer 
from Radio Shack I decided not to buy the 
matching video monitor. Instead I bought 
a television set in order to convert it for use 
as a video monitor. My goal was to obtain 
the 5.5 MHz band width required for the 
TRS-80. 

At first I tr ied redesigning the video 
amp li fier of my new set. However, I soon 
discovered the difficu lty of de ign ing an 
amplifier with the necessary bandwidth and 
the gain necessary to dr ive the set's ca thode 
ray picture tu be. 

For tuna tel y, after consi dcrabl c experi
mentation, I came up with a solution to 
the problem. Th e answer was to bypass the 
et's video amplifier circuitry and drive the 

pictur·e tube directly with a digita l circu it. 
This is the easy way to get the bandwidth 
needed. Since the picture tube is primarily 
a capacitive load, the digital circuit must 
be careful ly designed to hand le it. 

The Digital Driver Circu it 

A schematic of the interface circuit 1s 
given in figure 1. Th is circuit was designed 
for use with TRS-80, but it should work for 
any system with a standard com posite video 
signal outp u t. The composite video signal is 
separated by the circu it in to its video and 
sync com ponents. Each digital signal is 
separate ly transmitted through opto· 
isolators. The received portion of video 
si gna I i~ bu ffcreel an cl goes to th e high 
voltage driver stage, wh ich is con nected to 
the televis ion set's picture tube. The sync 
portion i bu ffe red and goes Lo the sy nc 
separator of the se t. 

Circuit Description 

The op toi solators, two in tegrated circuits 
shown in the schematic as ICl and IC2, 
electrically isolate the microprocessor from 
the television set. On one side of the opto
isolator is an LED (light emitting diode) 
which emits pho tons that the other side of 
th e device receives with a photodiode. ICl 
has an in Lerna! transistor to amplify the 
photodiode signal; IC2 has an in te rnal 
integrated ampl ifier. The incoming com
posite video signa l has a white level of 
+2 V, black level of 0.5 V anda sync leve l of 
zero volts. The LED in IC2 responds onl y to 
the video porti on of the signal, since it 
requires 1.5 V to tu rn on. C2 is a speed-up 
capacitor. 

The sync separator made up of capacitor 
Cl, resistor Rl , and transisto r Ql effectively 

Photo 7: An example of 
the high quality display 
produced by using the 
circuit described here with 
a Radio Shack TRS-80 
microcomputer and NTC 
7 200 television set. 
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slices th e negative sync tips from the com
posite video signal. The base emitter junc
tion of Ql ac ts as a detector circuit. The 
time constant of Rl and Cl is sufficiently 
great to allow a substantial posi tive charge 
buildup on the right side of Cl. Because 
of th is, Ql is reverse biased and conducts 
only during the negative going sync peaks of 
the com posi te video signal. Q2 buffers the 
sync signal to drive the LED. The received 
sy nc signal on the right side of I Cl is bu f
fered by sections IC3A and IC3B. 

IC2 is a high speed, TTL compatible 
optoisolator capable of transmitting 20 
million bits per seco nd. IC3C, transistor 
Q3, and diode Dl make up a high voltage 
totem pole output stage. In tegrated circuit 
versions of this stage are used to drive 
loads of up to 1000 pF at switching rates 
of up to 2 MHz. 

The circuit works as fo llows: when the 
output of IC3C goes low, Q3 is turned off_ 
Load curren t from the load capacitance is 
then shorted to ground through th e open 
co ll ector output transistor of IC3C. When 

+ 12 V 

+95V 

SIAt--D SOUND DPDT 
~TAKEOF F SLIDE SWITCH 

I 

0. 1µ.F , -- - - 1 
VIDEO .------lrl---I 

1

I,..---oo 
AMP SOUNDFROM~1- F 

T RAP 
STAGE I I 

P""" 
L_ 

_j 
_.... _.. _.... _.... 

1;;-B 
I DPDT 
I SW IT CH 

r -- 1- 

it goes high, Q3 is turned on and the current 
is sourced from the +23 V supply. The major 
advantage of such a stage is that it can drive 
the highly capacitive loads without having 
high voltage-to-ground switch ing transients 
common in many totem pole designs. 

The rise and fa ll time of the totem pole 
stage was measured to be less than 15 ns 
with a load of 40 pF. An equivalent analog 
amplifier would need a bandwidth of 23 
MHz to give the same rise time. 

Connection to the Television Set 

A National Trade Corp model NTC 
1200 set (a black and white type with a 
12 inch diagonal measure picture tube) 
was used with the prototype interface 
circuit. It was the ch capes t 12 inch tel e
visi on set I cou ld fi nd that came with a 
schematic. I was able to obtain this set 
for arou nd $80. It 's almost identical in 
circuitry to a Sharp model 3K-73 and I'm 
sure it's similar to many others. 

A simpl ified schematic of th e video 

I. SM 

I 
I:--J 

RI 
300K 

500K 

+300V 

F ROM VIDEO 
+12 OUT PUT OF 

INTERFACE 
CIRCUIT 

-, 
I I I 

.--~~~~~~~: --<>~ I 
SYNC SEPARATOR 

l ~- ---J 
FROM SYNC 
OUTPUT OF <=)1-----------' 
I NTERFACE CI RCUIT 

PIC TU RE 
TUBE 

BRIGH TNESS 

TO HOR I ZONTAL AND 
VERT I CAL SYNC 
CIRCUITS 

Figure 2: Simplified schematic diagram of the video output stage of the NTC 7 200 television. This is typical of recently manu
factured inexpensive sets. The DPDT (double pole-double throw) slide switch enables selection of function as television receiver 
or as video monitor. 
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PET (P) APPLE (A) TRS-80 (T) 
BUSINESS-FINANCE GAMES 
Sloclc Porfolio Ao~lysl s .•.• , •. • ... $24.95 .. P 
Morigsgtt Ana.lyslti.. •..•• • ••••.•• . • 15.95 • . P 
Annual RiePor1 AnalyZer •......•... 22.95 .. P .. A •. i 
Stock Analy:rn r ..... .. .. .. .... . . . . 34.95 .. P .. A •. T 
Bonds - .•..•. . • . .• .. .....• .. • .. •.. 12.95 . , P 
Cne<:kbookl8K. 16K . 32K .. ........ 15.95 .. P 
Checkbook ....................... 20.00 ...... A 
Flnanco . ... •. . ..••.. • • •• ...•. ••• 15.95 • . P 
Finonce/2 tflpc5 .. . . .. .......... . . 24.95 ...... A 
Stockscreen ....•... .. •• . •...•...• 29.95 • . P .••• . . T 
Stock Option.' . . •.. . , . . . , .. ...... 24 .95 . . P ... .. . T 
Word Processing ................. 45.00 .. P 
Elcclrlc Pencil ., .•..•••. . •.•••..•. 99.95 •• ..•..•. • T 
Library ( , "'J programs)/ 5 lapos 49.50 ... • .. . ... T 

EDUCATION 

Mlcrochess ..• •.•.• . ••• .••. ••.•••• Sl9.95 . . P ., A .. T 
Choclcors.. .. ....... , ........... .. 14.95 . . P ...... T 
Bridge Challenger . . . . . . . • . . . . . . . . 1-4.95 . . P .. .,, .. T 
Super Suntrek •..•••.. . •• .. ••.•••. 14.95 .. P••• A 
Swarm SK .......•....... . . , . . . . . • 14.95 , •P 
Swarm 16K ..•....• • ..• •• ..•..•. .• 19.95 •. P 
Galaxy Games. .. . .. ....... . .. .... 9.95 . . P 
Specetrek • .• • .. • , • • • • • • • • •• • . • . • • 9.95 .. ? 
Spacotrok ..... .. ......... . ....... 7.95 .. .. . ..... T 
Osel'O/R!!verse .. • • • . . • . . . • . . • • . . 9.95 .. P 
Target Pong ....... ... . ....... . . . . 9.95 .. P 
Blackjack .. .. .. .. .. .. .. .. .. .. .. .. 9.95 .. P 
Lunar Lander (plus 3 more} ... •. , • 9.95 • . P 
Lunar Landor ...• ,.. ... .... .... ... 7.95 .•.••.•••. T 
Batlle of Midway . . • . . • • . . . •• • . • . • 9.95 • . P 
Hostage/Jury................. .. .. 9.95 . •P 

Ba5ic Bnlct2 tapes ........ . ....•St4.95 .. P Blackjack/Slot ... . .... . . .. . .. ..... 7.50 •• . •. . A 
Number Bultdor • • • . . • • • .. . • . . . 9.50•. P •• A .• T Color Malh/Hnngman .. .. . 7.50 .•.•.. A 
Anologi.,,BuUder...... .. ....... 9.50.. P ·· A .. T Blorhythm/Maslermlnd .. .......... 7.50 ...... A 
Vocabulary Bull det/2 tapes ........ 12.50.. P •• A .. T States and Capllols ...... . ... .. .. • 7.95 .... . . A 
Preschool 10 Bu 1tdor • • . . . . • • . . . • • 9.50•. P •• A •. T Baclcgammon , . . . . . . . . . . . .. . . • . . . 7.95 •• P 
Diet Planner/ Blorhylhm . •..•..•..• 14.95.. P Casino I (b lackjack } •.•••• . ••.•••• 7.95 .• P 
6502 Assembler .................. 24.95•. P .• A Casino II (craps) • .. .. • • • . . • . • • • • 7.95 •. P 
Slep by Step Prog rammlllQ........ 29.95 .. P •• A • . T Golf . .. .• . . . • . ... ........ ..• . ••• . 7.95 ..•• •• , ... T 
Eloc1ronlcs . . ................ .. .. . 7.95 ,. T Library ( 100 programs) .••.••.•.•. 49.50 ....•. , , .• T 

~~~:.·~~~~.~i ::::::: ............ : : :~ :: ;,....... T COMPUCOLOR II 
~~~;~~:yc~~~"~!~~;;;;i~:~ :>.:::::: ,~: ~:: ~ $19.95 each disk 

.-W-o_r_d_P_r_o_c_e_s_s_1·_n_g_F_o_r_P_E_T-.---. ~~.:~~~~~";..:'.~~~;:::-~ .... :::~~~:~ ::~:~~~ :1 
CHESS - with Ac•v 0.ucev&Line 5 EOUITY 

With this program In hand, you can ~~~~~~~~:~~~::,·;c~:~:~..... :~:~;~~~ sEcu "111Es 
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T l SK 

Figure 3: Schematic dia
gram of the power supply 50VAC 

for the set side of the 
interface and for the driver 
circuit. Transformer Tl is 120VAC 

a JE- 700 type available 
from jameco Electronics. 
The primary is 720 VA C; 
the secondaries provide IOVAC 

70 VAC at 50 mA and 
50 VAC at 30 mA. The 
rectifier diodes should 
have appropriate current 
ratings. 

output stages of the set and the points 
where the in terface circuit is connected 
is shown in figure 2. The video amplifier 
output is normal ly AC coupled to the 
cathode of the picture tube. Th is is a com 
mon practice in low cost portable TV se ts. 
Thi s is an advantage in that it also allows the 
interface circuit to be AC coup led and not 
affect the DC biasing oF the picture tube, 
which co ntrols the screen brightness. 

The interface circu it sync signa l output 
is Fed in to the te levision set's sync separator. 
Some sets modulate the gr id with video 
instead of the cathode. In that case a 7406 
hex inverting buffer should be used instead 
of the 7407 buffer to obtain the proper 
polarity. Any TV set mcty be used with the 
in terface circuit. A newer, small screen set 
is preferred. If the 23 V signal isn't sufficient 
drive to give a good display on the screen, 
the power supply voltage may be increased 
to a maximum of 30 V, the breakdown 
voltage of IC3. DC restoration of the video 
signal at the cathode with a clamp ing diode 
wil l also help. A picture of the disp lay 
obtained by using this system with my 
TRS-80 microcomputer is shown in photo 1. 

Figure 4: Schematic of the direct connect version of the inter
face circuit. This may be used only for connecting television + 5V 

sets containing power transformers. 

5V REGULA TO R 

7805 

GNO 

+I 3 + 
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+23V 

23V + 
ZENER 
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+ 5V 

Power Supply 

Figure 3 shows a sc hematic of the power 
supply used. It supp lies +5 Va t 40 mA for 
IC1 , IC2 and IC3, an d supplies +23 V at 
5 mA for the hi gh voltage output stage. If 
you are clever, you can use the television 
set's power supplies to get the +5 V and 
+23 V. But be carefu l: the cheaper solid 
state TV sets are designed to the limit. 
Drawing 40 mA for the +5 V sup ply might 
be an excessive load on the set's power 
supply. 

The interface circui t also requires a +5 V 
at 5 mA isolated sup pl y. This should come 
from the microprocessor. A TRS-80 has this 
voltage conve ni ently avai labl e at the video 
output jack. 

Direct Connect Version 

If you have a television conta111111g its 
own power supply transformer isolatin g 
it from the AC power li ne, you can use a 
direct connect version of the circui t. A 
schematic of this version is shown in figure 
4. Transistor Q5 respo nds only to the video 

+ 23V 

TO CATHODE 
OF P ICTURE 
TUBE 

COMPOSITE 

VIDEO 

INPUT ADJUST RESIS TANCE 

FOR SPEC IF I C SET 

R I 
TO SY NC 
SEPARATO R 
OF TV 
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Photo 2: Closeup of the circuit as constructed on a piece of perforated 
project board. Layout of the components was conducted following guidelines 
set forth in the text. 

Photo 3: Interior of the television set with the computer interface circuit 
installed below the tuner. Great core should be token when you work inside 
the television set, since high voltages are present while it operates. Television 
repair manuals are full o f precau tions which should be observed. 
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portion of th e composite video signal . The 
composite video signal is fed throu gh the 
resistor R 1 directly to the television set's 
sync separator. 

This version should be used only if the 
television set has its own power supply 
transformer. The optoisolators are used to 
prevent inju ry to people and damage to 
eq uipment that can occur from acc id ents 
and malfunctions involving circuits which 
are not isolated from the power line. 

Circuit Layout 

Prope r circuit layout is important for pro
per circu it opera tion . The connection to the 
cathode of the picture tube should be as 
short as possibl e. This min imizes capacitive 
loading of the totem pole output stage, 
which would degrade the picture quality . 
The cathode connection shou ld be kept 
away from the flyback transforme r and the 
incoming 60 Hz line voltage. 

The input optoisolator circui try must be 
well separated fro m the output circuitry. 
Circu it wiring, especi al ly that pertaining 
to the video signal , must be kept short. 
For hi gh speed operation, pin 7 of both 
!Cl and IC2 should be clipped from the 
package. This ensures that the base to 
collector capacitance of ICl and the input/ 
output capacitance of IC2 is kept to a 
minimum. 

A 0.01 µF ceramic capacitor should be 
connected directly to the pins of IC2 fo r 
good power supply decoupling. If you 
use a printed circuit board, run a ground 
trace mid way between the pins of each 
optoisolator, connected to the ou tput 
ground. If you use an other method of 
constructi on, such as vector board, run a 
small piece of wire under the in tegrated 
circuits to act as a ground trace. This aids 
common mode signal rejction of the opto
isolators. 

Photo 2 shows a close view of the circuit 
as constructed on a section of perfboard. 
Photo 3 shows the circuit nestled in to its 
operating position in a convenient space 
beneath the set's tuner. 

Getting the Bugs Out 

If, after you build the circuit, the char
acters on the display are not sharp and clear, 
the in terface circuit does not have enough 
bandwidth. The first thing to do is to dis
connect switch Sl and wire the outpu t of 
the interface circuit directly to the cathode 
ray tube. The current limiting resistor 
(R 1 in fi gure 2) should be taken off the 
television set's circuit board an d mounted 



Color. VP-590 add-on Color Board allows program 
control of 8 brilliant colors forgraphics. colorgames. 
Plus 4 selectable background colors. Includes 
sockets for 2 auxillary keypads (VP-580). $69.' 

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

Music. VP-550 Super Sound Board turns your VIP into a music 
synthesizer. 2 sound channels. Program control of frequency, 
time and amplitude enve lope (voice) independently in each 
channel. Program directly from· sheet music ! Sync provision 
for controlling multiple VIPs, multitrack recording or other 
synthesizers. $49: 

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

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

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

ASCII Keyboard~· Fully encoded, 128-character ASCII 
encoded alpha-numeric keyboard. 58 light touch keys 
including 2 user defined keys! Selectable upper and lower 
case. Handsomely styled. Under $50.' 

Tiny BASIC~· VP-700 
Expanded Tiny BASIC Board 
puts this high-level language 
on your VIP. BASIC stored 
in 4K of ROM. Ready for im
mediate use-no loading 
necessary. Th is expanded 
BASIC includes the standard 
Tiny BASIC commands plus 
12 add itional - including 
color and sound contro l! 
Requ ires external ASCII 
encoded alpha-numeric 
keyboard. $39.' 

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

COSMAC VIP lets you add 

computer power a board at a time. 


With these new easy-to
buy options, the versatile 
RCA COSMAC VIP 
(CDP18S711) means even 
more excitement. More 
challenges in graphics, 
games and control func
tions. For everyone, from 
youngster to serious hobby
ist. And the basic VIP com
puter system starts at just $249* assembled 
and ready to operate. 

Simple but powerful-not just a toy. 
Built around an RCA COSMAC micro

processor, the VIP includes 2K of RAM. ROM 

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

Take the first step now. 
Check your local com

puter store or electronics 
parts house. Or contact 

RCA VIP Marketing, New Holland Avenue, 
Lancaster, PA 17604. Phone (717) 291-5848. 
·suggested rctrnl price . CDPt8S711 does not include video monitot or casseue recorde r. 
"Available Isl Quar ter, 1979. 

monitor. Audio tone with a built-in speaker. 

Plus 8-bit input and 8-bit output port to inter The fun way 

face relays, sensors or other peripherals . It's into computers. 
 RCll 
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right at the pi cture tube's socket. This 
eliminates excess wiring to the cathode. 

Another measure is to try decreasing the 
value of R2 in figure 1. The LED should 
receive about 15 mA of current for fast 
turn on. The value of C2 should also be 
experimented with. C2 speeds up turn on 
of the LED. Too large a value, however, 
will cause turn off delays. If the display i 
still not sharp, use of a wide band oscillo
scope is the only way to track down the 
source of the probl em. 

If the displayed characters sparkle, the 
problem is with common mode capacitance, 
which allows high frequency noise to be 
coupled through from one side of the 
optoisolators to the other. The common 
mode capacitance is primarily due to the 
capacitive coupling of the wiring. 

The easiest way to eli mi nate the sparkl in g 
problem is to connect the ground of the 
microprocessor to the ground of the tele
vision set through a 1000 pF, 120 VAC 
capacitor. Another way to el iminate the 
problem is to use a pair of in su lated wires 
3 inches long twisted together with no 
electrical connection between, one wire 
co nnected to pin 3 of IC2 and the other to 
pin 6 of IC2. These wires form a sma ll 
capacitor which neutralizes the common 
mode capacitance. 

If either of these two methods does not 
solve the problem, the chances are that you 
have poor circuit board layout and you 
should rewire your circu it board, making 
sure that your inpu t optoisolator circu itry 
is well separated from the television set 's 
circuitry, especial ly from the tlyback and 
the AC line voltage. In the same manner, 
keep the con nections to the picture tube 
away from the other circuitry. 

Displaying More Than 64 Characters per Line 

The TRS-80 displ ays 64 characters per 
horizontal sca n line in only 36 µs. If it were 
redesigned, it could display 80 characters 
per line in 45 µs without changing its pixel 
rate, and still fit them on the video display 
screen. Therefore, the interface circuit 
should probably work for any system which 
displays 80 characters per line. 

The maximum frequency at which the 
interface circuit can work was measured to 
be 8 MHz. The major limitation to the dis
play rate is the delay time of the circuit. The 
delay time is the interval it takes the circui t 
output to begin to respond to the input sig
nal. The delay time of the circuit was mea
sured to be 55 ns, whereas the rise and fall 
times are only 15 ns. About half of the delay 
is due to the optoisolator and the other half 
occurs in the totem pole output stage. 

For high resolution graphics, another 
driver stage design must be used. One 
possibility is the use of the newer, high 
speed Schottky MOS clock drivers with 
on/off times of about 15 ns. The opto
isolators may not be used because of their 
limited frequency capabi lities. 

A good example of a high resolution 
cathode ray tube driver is the design used 
in the Hewlett-Packard Model 9845A 
desktop computer. (See reference 6 for the 
hardware description.) It displays using a 
video clock rate of 21 MHz. One of the 
interesti ng points of its design is the use of 
a compensation inductor added in series 
with the cathode of the display tu be. It 
provides approximately 7% overshoot of the 
cathode voltage in response to a step input, 
speeding up turn on of the display tube. 

Before You Start... 

Before you start working on your tele
vision set, you shou Id have a schematic 
diag1·am of its circuit. A copy of Don 
Lancaste r's TV Typewriter Cookboo!?, 
(Howard W Sams and Company Inc, Indi ana
polis, 1976), a classic in the fie Id of TV 
displays, is also useful. It will help you figure 
out where and how to hook the interface 
circuit to your set. And don 't overlook 
books on television set theory avai lable at 
your local libra ry . They are a gold mine of 
information and they will help you unravel 
the mystery of your set. 

If you have difficulty finding a schematic 
of your set locally, the Howard W Sams 
Company has data for many sets in its 
Photofact series. Its add ress is 4300 W 62nd 
St, Indianapolis IN 46268 .• 

REFERENCES ANO SUGGESTED READING 

1. 	 Lancas ter , D. TV Typewriter Cookbook, 
Howard W Sams and Company Inc, Indiana· 
polis IN, 1976. 

2. 	 National MOS Integrated Circuit Databook, 
1974 edition (section on MOS clock drivers) 
National Semiconductor Corp, 2900G Semi 
conductor Dr, Santa Clara CA 95051, 

3. 	Hewlett-Packard Application Note 941, "Digi
tal Data Transmission Using Optically Coupled 
Iso lators," Hewlett-Packard Corp, Palo Alto 
CA 94304 . 

4. 	 Hewlett-Packard Application Note 939. "High 
Speed Optically Coupled Isolators." as above. 

5. 	 Hewlett·Packard Optoelectronics Staff. Opto· 
electronics Applications Manual, McGraw-Hill. 
New York, 1976. 

6 . 	 Hewlett-Packard Journal, Apri l 1978. pages 
16 thru 18, Model 9845A desktop computer 
hardware design description, high resolut ion 
video display. 
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Computers in Laboratory Medicine 
edited by Derek En!ander MD 
Academic Press, New York 
$ 74 

As a student of medical applicat ions of 
compu ters I have foun d re lative ly few books 
written about the up to date use of com
pu ters in medicine ; and those one does find 
ar·e usually reviews of commercially avail 
able systems. It is refresh ing to fin d th at the 
book Computers in Laborato1y Medicine, 
edited by Derek Enlander MD, is a forward 
looking work in wh ich the uses of micro
computers are considered in var ious cl in ical 
labo r·atory app lications. 

The book is concise and wel l-designed. 
The various chapte rs arc written by a verit
able who's who in clin ica l com pu terization. 
George Z Wil li ams MD, who retired as head 
of cl inica l laborator ies al the National 
Institutes of Health , has writte n the init ial 
chapter in a philosoph ical tone , quot ing 
aspirations of Buckm ini ster Full er. He points 
the way forward for the next chapter in 
which the editor, Enlander, writes of his 
persona l exper ience in deve loping a discrete 
fro nt end processing ystem. The initial 
development took place at Stanford Univer
sity Med ica l Cente r in 1968. While this was 
obvi ously before the advent of micropro
cessor chips, the spark of ingenui ty had been 
kindled. The following chapter conta in s 
a description of another preprocessing 
approach us ing Hewlett-Packard desk top 
ca lculators as the pr·eprocess ing modul es. In 
a thi rd section Dr Blois of the Un iversity of 
California elegantl y ties the fron t end lab 
systems into a hospital-wide system. 

A med ica l diagnosis techniq ue ca ll ed 
anatomic pathology is often a forgo tten 
orphan when compute riza tion of pathol ogy 
is discussed. It does not have the glamour of 
rea l time data acq uis ition, but is nevertheless 
an im portant problem of data manipula tion 
and retreival. Two experts on this subject 
are Dr Pratt and Dr Lamso n; each provides 
a chapter on his experiences in thi s field. 

Nuc lear medicine is looked at from two 
facets, sta tic and dynamic imaging, fol lowed 
with a chapter by Dr Budi nger, an electr ical 
engineer ing PhD as well as an MD, who 
delves in to the tomorrow world of th ree
dimensional imaging by way of radio iso
to pes. The development of the mathemat ical 
models and Four ier transforms are covered 
in depth. Dr Weber discusses and rev iews the 
time-fun ct ion studi es in or·gan imag ing. 

Th is book is closed in a fit t ing manner by 
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Dr David Seligson of Yale who poin ts to the 
vast futu re need of mod ul ar process ing of 
med ical laboratory data. He emphasises th e 
previous au th ors' idea on the u e of micro
computers in med icine. 

If one was to fa ul t the book it wou ld be 
on its pr ice of $14, its seem ingly short 
supply, and the long de lay on ordering. I 
must thank Seaton's, 26 O'Farre ll St, 
San Francisco, for their help in supplyi ng 
the book, even when the pub li shers coul d 
not. 

D Fabian 
1703 Octavia St 

San Francisco CA 94109• 
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Ready to plug in and run the moment you receive 
it. Nothing else to buy, no extra memory. No 
"booting" with PerCom MINIDOS"', the remark
able disk operating system on EPROM. Expand
able to either two or three drives. Outstanding 
operating, utility and application programs. 

For more 
information 

see your local 
PerCom dealer 
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For the low $599.95 price, you not only get the disk drive, drive power 
supply, SS-50 bus controller/interface card, and MINIDOS'", you also 
receive: 
• an attractive metal enclosure • a fully assembled and tested inter
connecting cable• a 70-page instruction manual that includes operat
ing instructions, schematics, service procedures and a complete list
ing of MINIDOS'" •technical memo updates - helpful hints which 
supplement the manual instructions • a 90-day limited warranty. 

SOFTWARE FOR THE LFD-400 SYSTEM 

Disk operating and file management systems 


INDEX'" The most advanced disk operating qnd file management 

system available for the 6800. INterrupt Driven Executive operating 

system features file -and-device-independent, queue-buttered 

character stream 1/0. Linked-file disk architecture, with automatic file 

creation and allocation for ASCII and binary files, supports sequential 

and semi-random access disk fi les. Multi-level file name directory 

includes name, extension, version , protection and date. Requires BK 

RAM at $ADDO. Diskette includes numerous utilities .. . .... . $99.95 

MINIDOS-PLUSX An easy-to-use DOS for the small computing sys

tem. Supports up to 31 named files. Available on ROM or diskette 

complete with source listing .... . . . . . ....... . ..... .... . . . $39.95 


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

Text Editors and Processors 
EDIT68 Hemenway Associates' powerful disk-based text editor. May 
be used to create programs and data files. Supports MACROS which 
perform complex, repetitive editing functions. Permits text files larger 
than available RAM to be created and edited . . ... ......... $39.95 
TOUCHUP'" Modifies TSC's Text Editor and Text Processor for Per
Com disk operation. ROLL function permits text files larger than 
available RAM to be created and edited. Supplied on diskette com
plete with source listing ... ... .......... . ...... . .. . ..... $17.95 

Assemblers 
PerCom 6800 SYMBOLIC ASSEMBLER Specify assembly options 
at time of assembly with this symbolic assembler. Source listing on 
diskette . . . .. . .. . .... . .. . .. . .... . .. . .. . ..... .. . . . ... .. $29.95 
MACRO-RELOCATING ASSEMBLER Hemenway Associates' 
assembler for the programming professional. Generates relocatable 
linking object code. Supports MACROS. Permits conditional 
assembly . . ..... . . . .. . . . . . .. . ... . ...... . .............. $79.95 
LINKAGE EDITOR - for STRUBAL + '" and the MACRO-Relocating 
assembler .. . .. . .. . . . .. ....... .. . .. ........ . ... . .. . ... $49.95 
CROSS REFERENCE Utility program that produces a cross-
reference listing of an input source listing file . . .... . . . . . . $29.95 

Business Applications 

GENERAL LEDGER SYSTEM Accommodates up to 250 accounts. 
Financial information Immediately available - no sorting required. 
Audit trai l information permi ts tracking from GL record data back to 
source document. User defines account numbers .. . .. ... $199.95 
FULL FUNCTION MAILING LIST 700 addresses per diskette. Power
ful search, sort, create and update capability ... ....... .. .. $99.95 
PERCOM FINDER'" General purpose information retrieval system 
and data base manager . ..... .. .. .. ......... . .. . ... .... $99.95 
'"' traoemart<. ot PE RCO r..i Oa1a Company. inc 

Ordering Information 
To order, call toll free 1-800-527-1592. MC and VISA welcome. COD 
orders require 30% deposit plus 5% handling charge. Allow three 
weeks for delivery. Allow three extra weeks ii payment is by personal 
check. Texas residents add 5% sales tax. 

PERCOM 'peripherals for personal computing' 
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Table 7: Information con
tent comparison adapted 
from Carl Sagan's The 
Dragons of Eden, which 
was derived from Britten 
and Davidson, "Gene 
Regulation for Higher 
Cells: A Theory, " Science, 
July 25 7969, pages 349 
thru 35 7. The brain infor
mation is considered to be 
programmable memory. 
The genetic information 
is derived from the num
ber of deoxyribonucleic 
acid (DNA} per haploid 
cell. It is considered to be 
the read only memory 
comparison figure. 

Patrick H Stakem 

42F Ridge Rd 
Greenbelt MD 20770 

Life versus Compute Capacity 


~ 

J 
1------;.,.-----;----+---------------- - --- BRA IN IN FORMA TI ON 

t----+-----~------------....,__ GENE TIC I NFO M T10 ; 

10 

NUMBER OF BIT 

I have taken the chart of the evolution 
of information on page 26 of Carl Sagan's 
book, The Dragons of Eden, and extracted 
the number of bits of read only memory 
and programmable memory for different 
taxia. I then added some items familiar to 
most computer experimenters, such as the 
2708 and 2716 read on ly memories, a 1 
megabyte marker, and the on board capacity 
of Tod Loofbourrow's robot (8 K bytes, 
I believe). The result is table 1. 

Information in the DNA nucleotide 
pairs is a type of read only memory express
able in bi ts. Sagan's chart is derived from 
"Gene Regulation for Higher Ce lls: A 
Theory," by Britten and Davidson, Science, 
July 25 1969, pages 349 thru 357. One 
caveat: comparing the estimates of the 
amount of in formation in the brain (what
ever that is) to an amoun t of random access 
memory is misleading. There is no clear 
knowledge that the brain is arranged any
thing like a digital system . Also, I have 
ignored information processing capacity 
and rate and mere ly compared storage of 
information. 

Making allowances for different imple
mentations, if we work from a functional 
specification for, say, a dog, do we need 

10 10 10 11 

10 11to include bits of programmable 
memory and 5 x l 09 bits of read only 
memory in the robotic version? 

We may be in a period of robotic evo
lution as we see digitally implemented 
mobile systems becoming more sophisticated 
and prices coming down: it is now possible 
to own a 64 K byte home computer system 
without mortgaging the home. 

I believe that such robots will have to be 
much more sophisticated than they are now 
before we're satisfied. On the other hand, 
the capabilities of Tod's robot or Allen and 
Rossetti's light-seeking Tee Toddler is more 
than one would guess from the memory 
capacity alone.• 

BIBLIOGRAPHY 

1. 	 Allen, Stephen A, and Rossetti, Tony, "On 
Building a Light-Seeking Robot Mechanism," 
August 1978 BYTE, page 24. 

2. 	 Loofbourrow, Tod, How to Build a Compurer
Controlled Robot, Hayden Book Company Inc, 
Rochelle Park NJ, 197B. 

3. 	 Sagan, Carl, The Dragons of Eden: Speculations 
on the Evolution of Human Intelligence, Ran 
dom House, New York, 1977. 
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THI:".BYTt:: BOOK OF COMPUTERMUSIC combines 
tht: best computer music articles from past issues of 
E::W-1E Magazine with exciting new material- all written 
fur the computer experimenter interested in this 
fa::;onanr1g tield. 
'r\iu will enjoy Hal Chamberlin's "A Sampling of 
1echniques for Computer Performance of Music", 
wh1l ·h shows how you can create four-part melodies 
011 yuuru)tnputer. Forthe budgetminded, "A $19 Music 
lnterta.ce" contains practical tutorial information-and 
01 gan fans will enjoy reading "Electronic Organ Chips 
For Use in Computer Music Synthesis". 
New 111atE:rial includes "Polyphony Made Easy" and 
''Alei-.-ain Reader". The first describes a handy circuit 
thdt allows you to enter more than one note at a time 
i11tu your computer from a musical keyboard. The 
"Tei 1ain Reader" is a remarkable program that creates 
rc::111dorn music based on land terrain maps. 
Other a1ticles range from flights of fancy about the 
reµruductive systems of pianos to Fast Fourier trans
form programs written in BASIC and 6800 machine 
la1 t8uage, multi-computer music systems, Walsh 
Fu111..tio11s, and much more. 
For the first time, material difficult to obtain has been 
coHE:cted into one convenient, easy to read book. An 
~i-de1 ~t- do-it-yourselfer or armchair musicologist will 
tind this book to be a useful addition to the library. 

ISBN0-931718-11-2 
Editor: Christopher P. Morgan 
Pages: approx. 128 
Price: $10.00 

-
Sul-'t.RWUMPUS is an excit
111\:J cun 1puter game incorpo
r::•Ung the original structure of 
fri.:: WUMPUS game along 
\'V i'Ct1 dadt!d features to make 
it evell more fascinating. The 
<.1nQi1 1al game was described 
ii 1 th€·buok What To Do After 
)1.11..1 Hit t<etu1 n, published by 
the: j.)t:uple's Computer Com
~ ,;_., 1y. Programmed in both 
68u0 assembly language and 
hA.:::ilC, SUPERWUMPUS is not only addictively fun, 
but also provides a splendid tutorial on setting up 
unusual. data structures (the tunnel and cave system 
cl .')UfJr..RWUMPUS forms a dodecahedron). This is a 
PAt'l::.t<J::fffE™ book. 

ISBN 0-931718-03-l 
Author: Jack Emmerichs 
Pages: 56 
Price: $6.00 
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TINY ASSEMBLER 6800, 
Version 3.1 is an enhancement 
of Jack Emmerichs' success
ful Tiny Assembler.The origi
nal version (3.0) was described 
first in the April and May1977 
issues of BYTE magazine, 1 
and later in thePAPERBYTE™ 
book TINY ASSEMBLER w1 11111111 
6800 Version 3.0. ..__ - = 

In September 1977, BYTE 
magazine published an article 
entitled, "Expanding The Tiny Assembler". This pro
vided a detailed description of the enhancements 
incorporated into Version 3.1, such as the addition of a 
"begin" statement, a "virtual symbol table", and a 
larger subset of the Motorola 6800 assembly language. 
All the above articles, plus an updated version of the 
user's guide, the source, object and PAPERBYTE™ 
bar code formats of both Version 3.0 and 3.1 make this 
book the most complete documentation possible for 
Jack Emmerichs' Tiny Assembler. 

=-.. -==-- " : 

ISBN 0-931718-08-2 
Author: Jack Emmerichs 
Pages: 80 
Price: $9.00 

A walk through this book brings you into Ciarcia's 
Circuit Cellar for a detailed look at the marvelous 
projects which let you do useful things with your m icro
computer. A collection of more than a year's worth of 
the popular series in BYTE magazine,Ciarcia'sCircuit 
Cellar includes the six winners of BYTE's On-going 
Monitor Box (BOMB) award, voted by the readers 
themselves as the best articles of the month: Control 
the World (September 1977), Memory Mapped 10 
(November1977),Program YourNextEROM in BASIC 
(March 1978), Tune In and Turn On (April 1978), Talk 
To Me (June 1978),and LetYour Fingers Do the Talking 
(August 1978). 
Each article is a complete tutorial giving all the details 
needed to c?nstruct each project Using amusing 
anecdotes to introduce the articles and an easy-going 
style, Steve presents each project so that even a 
neophyte need not be afraid to try it. 

ISBN0-931718-074 
Author: Steve Ciarcia 
Pages: approx.. 128 
Price: $ 8.00 
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BASEX, a new compact, compiled language for micro
computers, has many of the best features of BASIC 
and the 8080 assembly language- and it can be run 
on any of the 8080 style microprocessors: 8080, Z-80, 
or 8085. This is a PAPERBYTE™ book. 

Subroutines in the BASEX operating system typically 
execute programs up to five times faster than equiva
lent programs in a BASIC interpreter- while requiring 
about half the memory space. In addition, BASEX has 
most of the powerful features of good BASIC inter
preters including array variables. text strings, arithme
tic operations on signed 16 bit integers, and versatile 
JO communication functions. And since the two lan
guages, BAS EX and BASIC, are so similar, it is possible 
to easily translate programs using integer arithmetic 
data from BASIC into BASEX. 
The author, Paul Warme, has also included a BASEX 
Loader program which is capable of relocating pro
grams anywhere in memory. 

ISBN 0-931718-05-8 
Author: Paul Warme 
Pages: 88 
Price; $8.00 

-
PROGRAMMING TECH
NIQUES is a series of BYTE 
BOOKS concerned with the 
art and science of computer 
programming. It isa collection 
ofthe best articles from BYTE 
magazine and new material 
collected just for this series. 
Each volume of the series 
provides the personal com
puter user with background 
information to write and main
tain programs effectively. 
The first volume in the Programming Techniques 
series is entitled PROGRAM DESIGN. It discusses 
in detail the theory of program design. The purpose 
of the book is to provide the personal computer user 
with the techniques needed to design efficient, eff ec
tive, maintainable programs. Included is information 
concerning structured program design, modular pro
gramming techniques, program logic design, and 
examples of some of the more common traps the 
casual as well as the experienced programmer may 
fall into. In addition, details on various aspects of the 
actual program functions, such as hashed tables and 
binary tree processing, are included. 

ISBN 0·931718·12·0 
Editor; Blaise W. Liffick 
Pages: 96 
Price: $6.00 

SIMULATION is the second volume in the Progrnm· 
ming Techniques series. The chapters dP.al with 
various aspects of specific types of simulatinn. P.nth 
theoretical and practical applications are incluciPd. 
Particularly stressed is simulation of motion, inclurling 
wave motion and flying objects. The realm of i'lrtifi< ·ir.i l 
intelligence is explored, along with simuli'lting rn l-->1 it 
motion with the microcomputer. Finally, tips on hl-' '.v 
to simulate electronic circuits on the computer rirP 
detailed. 

ISBN 0-931718-13·9 
Editor: Blaise W. Li ffick 
Pages: approx. 80 
Price: $6.00 
Publication: Winter 1979 

RA6800ML: AN M6800 RELOCATABI .E MA~Rn 
ASSEMBLER is a two pass assembler for the Motc•r0!"' 
6800 microprocessor. It is designed to run on a mii 1i
mum system of 16 K bytes of memory, a system 
console (such as a Teletype terminal), a system monitor 
(such as Motorola MIKBUG read only memory pro
gram or the ICOM Floppy Disk Operating System), 
and some form of mass file storage (dual crissette 
recorders or a floppy disk). 
The Assembler can produce a program listing, a sorted 
Symbol Table listing and relocatable object code. The 
object code is loaded and linked with other assemb!t7ri 
modules using the Linking Loader LINK68. (Refer tn 
PAPERBYTE™ publication LINK68: AN M6800 
LINKING LOADER for details.) 
There is a complete description of the 6800 Assembly 
language and its components, including outlinPc; of 
the instruction and address formats, pseudo instrur:
tions and macro facilities. Each major routine of the 
Assembler is described in detail, complete with flow 
charts and a cross reference showing all calling and 
called-by routines, pointers, flags, and temporary 
variables. 
In addition, details on interfacing and using the 
Assembler, error messages generated by the Assem
bler, the Assembler and sample 10 driver source code 
listings, and PAPERBYTE™ bar code representatinn 
of the Assemblers relocatable object file are all included. 
This book provides the necessary background for 
coding programs in the 6800 assembly language, and 
for understanding the innermost operations of thP. 
Assembler. 

ISBN 0-931718-104 
Author: Jack E. Hemenway 
Pages: 184 
Price: $25.00 
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UNK68: AN M6800 LINKING LOADER is a one 
pass linking loader which allows separately translated 
relocatable object modules to be loaded and linked 
together to form a single executable load module, and 
to relocate modules in memory. It produces a load map 
and a load module in Motorola MIKBUG loaderformat 
The Linking Loader requires 2 K bytes of memory, a 
system console (such as a Teletype terminal), a sys
tem monitor (for instance, Motorola MIKBUG read 
only memory program or the !COM Floppy Disk 
Operating System), and some form of mass file stor
age (dual cassette recorders or a floppy disk). 
It was the express purpose of the authors of this 
book to provide everything necessary for the user 
to easily learn about the system. In addition to the 
source code and PAPERBYTE™ bar code listings, 
there is a detailed description of the major routines of 
the Linking Loader, including flow charts. While imple
menting the system, the user has an opportunity to 
learn about the nature of linking loader design as well 
as simply acquiring a useful software tool. 

ISBN 0-931718-09-0 
Authors: Robert D. Grappe! 

[,Jack E. Hemenway 
Pages: 72 
Price: $8.00 
Winter 1979 

TRACER: A 6800 DEBUGGING PROGRAM is for 
the programmer looking for good debugging software. 
TRACER features single step execution using dynamic 
break points, register examination and modification, 
and memory examination and modification. This book 
includes a reprint of "Jack and the Machine Debug" 
(from the December 1977 issue of BYTE magazine), 
TRACER program notes, complete assembly and 
source listing in 6800 assembly language, object 
program listing, and machine readable PAPERBYfETM 
bar codes of the object code. 

ISBN 0-931718-02-3 
Authors: Robert D. Grappe! 

& Jack E. Hemenway 
Pages: 24 
Price: $6.00 

MONDEB: AN ADVANCED M6800 MONITOR
D EBUGG ER has all the general features ofMotorola's 
MIKBUG monitor as well as numerous other capabili
ties. Ease of use was a prime design consideration. 
The other goal was to achieve minimum memory 
requirements while retaining maximum versatility. 
The result is an extremely versatile program. The size 
of the entire MONDEB is less than 3 K. 
Some of the command capabilities of MONDEB in
clude displaying and setting the contents of registers, 
setting interrupts for debugging, testing a program
mable memory range for bad memory locations, 
changing the display and input base of numbers, 
displaying the contents of memory, searching for a 
specified string, copying a range of bytes from one 
location in memory to another, and defining the loca
tion to which control will transfer upon receipt of an 
interrupt This is a PAPERBYfE™ book. 

ISBN 0-931718-06-6 
Author: Don Peters 
Pages: 88 
Price: $5.00 

BAR CODE LOADER. The purpose of this pamphlet 
is to present the decoding algorithm which was de
signed by Ken Budnick of Micro-Scan Associates at 
the request of BYTE Publications, Inc., for the PAPER
BYTE™ bar code representation of executable code. 
The text of this pamphlet was written by Ken, and 
contains the general algorithm description in flow 
chart form plus detailed assemblies of program code 
for 6800, 6502 and 8080 processors. Individuals with 
computers based on these processors can use the 
software directly. Individuals with other processors can 
use the provided functional specifications and detail 
examples to create equivalent programs. 

ISBN 0-931718-01-5 
Author: Ken Budnick 
Pages: 32 
Price: $ 2.00 

BYTE BOOKS Division • 70 Main Street • Peterborough, New Hampshire 03458 I 	 I 
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ATARI'S NEW COMPUTERS. The recently announced Ata ri Model 400 and 800 personal computers are major 
entries into the market. The 8 K nonexpandable 400 (suggested retail $500) sports a touch audio feedback keyboard 
and a single read only memory cartridge slot, plus cassette 1/0. It also has 16 color graphics with eight luminance 
levels(!) The48 K expandable 800 (suggested retail $1000 with 8 Kand cassette recorder) has additional color 
features, full keyboard, 8 K BASIC, high resolution graphics, two read only memory cartridge slots, and much more. 
Both units use a modified 6502. Availability . August 1979 (limited quantities), full availability : Fall 1979. 
More details next month . 

TI'S NEW PERSONAL COMPUTER. Rumors are flying about Texas Instruments' impending entry into the personal 
computing market. The unit will reportedly use the TMS 9900 processor with 40 K of read only memory circuits, 
will generate 20 lines of 40 characters on a standard television , will have provisions for accommodating video disk 
players and video tape recorders, and will have sophisticated sound production. Sources predict a mid·l 979 unveiling 

TI AND GTE DEVELOPING HOME DATA RETRrEVAL SYSTEMS. Since Labor Day, Texas Instruments has been 
testing a "Teletext" home information system which displays on a .standard home television set via a decoder uni t. 
The decoder can be internal or external to the teleVision set . It is expected that the decoder should add about $50 to 
the television 's cost. The data is transm itted during the frame blanking time. The viewer can elect to view the data, 
lhe standard picture, or the data superimposed on lhe picture Testing should continue throughout 1979. FCC 
approval is required. 

Last October General Telephone & Electronics gave a presentation and demonstration to the FCC of their system, 
which uses a microprocessor. It would allow a user to retrieve data from a number of different data banks and have 
it appear on their television screen. The system is still in a very early stage of developmen t. 

A television based data retrieval system, called Viewdata, is already in operation in Great Britain. It was deve
loped by the British Post Office. 

WORD PROCESSING PRINTERS USING DOT MJ\TRIX ARE COMING. All present word processing printers 
use character impact printing mechanisms and ani expensive (typically over $2000). The most popular are the 
Selectric, Diablo and Qume printers. Dot matrix printers are faster and cheaper but produce crudely formed 
characters generally considered undesirable for word processing applications. However, several companies are 
working on dot matrix printers to improve their printing quality By moVing the dots closer together to 1000 dots 
per inch or closer, characters can be formed which are very close to those of the Selectric. Further, since the dot 
matrix is under direct processor control, changing a character font requires only a program change rather than a type 
element change. Imagine being able to change from standard to italic type faces using only software! Although the 
initial entries {from RC Sanders Techr.ology Systems Inc ) in this area will cost more than present impact units, costs 
should decrease substantially to well below present umts. 

8080/8085 MICROPROCESSOR PRICES DROP. The 8085, Intel 's l chip version of the 8080 wi th added features 
is now selling for $l0 in OEM (original equipment manufacturer) quantities The 8080 is now down in the $4 to $5 
range. Actually the 8085 is in effect cheaper than the 8080 since il does not need extra support devices and works 
off only 5 VDC. Tbenifore, most of the new 8080 designs now use the 8085 It is expected that the 8085 will 
be down in the $4 to $5 range by year's end. The importance of this is that the microprocessor is now insignificant 
in cost compared to memory and peripheral circuits 

WILL 16 BIT PROCESSORS TAKE OVER? Not yet, at least. There is reason to question whether or not 16 bit 
processors have achieved the success in the personal computer marketplace achieved by the 8 bit machines. The fact 
is that there have been at least three 16 bit mainframes available in the personal computer marketplace for over a 
year now, namely the Teohnico 9900 computer, the Alpha·Micro compute.-, and the Heath H-11 computer 
Although all three provide better performance than the 8 bit machines, their acceptance does not compare to the 
smaller machines. lt will be interesting to see if any 16 bit mainframes using the Intel 8086 proceS'Sor will be 
forthcoming in the near future. 

16 BIT PROCESSORS TO BE SECOND.SOURCED. Intel has entered in to an agreement with National Semi· 
conauotor for the latter to also manufacture the 8086, Intel 's 16 bit processor Zilog has also arranged for second 
sourcing of their new Z-8000 16 bit processor, but does not expect to be in ptoduction until the middle of the 
year. In tel has been in production on the 8086 since May of last year 
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MICROCOMPUTER STANDARDS ARE FINALLY COMING. After several years of manufacturers going their own 
way in hardware and software design and causing numerous problems for users trying to interface components, the 
IEEE (Institute of Electrical and Electronic En.qmeers), the most powerfUl electrical engineering organization, is 
working to cure the problem. They expect to soon O;sue their first standard, which will standardize the S-100 bus, 
This should eliminate the problem of those S- 100 compauble boards which do not work in many S-100 mainframes, 
(as so many S 100 system users learned the hard way} The fact that a board plugs into an S-100 bus does not 
quarantee that it will work. Now users can look for the statement "meets IEEE s.100 standards" to insure 
compatibility 

Standards are also bemg developed for relocatable loaders, mnemonic standards (particularly between the 8080 
and Z-80), a noating point math standard for use with hardware floaunq pomt integrated circuits, Intel SBC bus 
and the National Micro bus standards (which will enable 6800 peripheral devices to work easily with 8080 and 
Z-80 integrated circuits). It ls expected that the floating point standard will be appearing next after the S-100 
standard. 

PASCAL PICKS UP STEAM. The Pascal Janquage 1s now the second most popular microcomputer high level 
lanquage, second only to BASIC Versions are already available for systems usmg the following processors: 8080, 
Z-80, 9900 and LSI· 11 Soon two more will be added to the ltst the 6502 (for Apple II systems) and a Western 
Digital chip set which executes Pascal machine code directly 

The popularity of Pascal is due to the fact that the lanquage allows very oonoise expresSton of algorithms and is 
easy to use. It is block structured, has extensive data types and good control structures, providing nonverbose, easily 
understandable code However, a large memory and a large disk system is required Further, the versions currently 
available still lack certain features, which In time. I am sure, Wlll be implemented. Pascal is considered a real 
programmer's lanquage, whereas BASIC is considered by many to be a beginner's language. 

Credit for the increasing popularity of Pascal goes to Dr Ken Bowles at the University of California- San Diego, 
who, with his students, has written several Pascal versions and iS coordinating and standardizing the different 
available versions to increase software portability from system to system. 

WHAT WILL HAPPEN TO MEMORIES lN 19791 This past year saw dramatic improvements in semiconductor 
memories that permitted large memory systems at low cost In microcomputer systems. There are already a great 
many home systems with 65 K of memory, and some with more. The significant areas of improvement are 

SEQUENTIAL MEMORIES Look for ready avallablhty of 256 K CCD (charqed-coupled device) and bubble 
memories. 1 M byte versions will not be available until 1980 Costs will still be significantly greater than disks. This 
means that these devices will be used mainly for buffer applications and will not impact the disk storage area. 

PROGRAMMABLE MEMORIES They will be faster cheaper. and more dense 16 K dynamic programmable 
memories organized as 16 K by I b.Jt and 2 K by 8 bit will be available that can operate on a single 5 VDC power 
supply. Also, look for refresh circuitry to be external to the memory devices. 

ERASABLE READ ONLY MEMORIES: This year will see the availability of the 32 K erasable read only 
memory, organized as 4 K by 8 bits A circuit wHI be introduced which combines a 1 K programmable memory and 
al T< read only memory On power up, the program from the read only memory is loaded mto the programmable 
memory However, If the power fails, the program ts retained In the read only memory section and bootstraps itself 
back into the programmable memory when power IS restored. 

6502 PROCESSOR MOST POPULAR OF THEM J\LL. The 6502 processor will soon be the most widely manu 
factured processor circuit It lli already being made by MOS Technology, Synertek and Rockwell Now it will also 
be made by Electronic Mem01ies & Magnelics, and negotiations are under way with General Instrument According 
to the most recent sales reports there are more 6502 !Cs being manufactured than any other processor, including the 
8080 and Z-80. The 6502 is currently being used in the APPLE, PET, KIM and several other personal computer 
systems. However, most of the production gOA · ri high volume dedicated game use. 

VIDEO DISPLAY TERMINALS ARE CHANGING. More and more CRT terminal manufacturers are introd'Ucmg 
terminals utilizing the new video display cont roller chips that operate in conjunctlon with a processor. The result is 
that the component count decreases and performance increases The most popular video display terminal, up to 
now, has been the ADM ·3A. This wa the first vidP.o display tennmal to break the $1000 bamer and currently sells 
at around $800. However, Hazeltine. Perkins·Elmet and others have recently introduced terminals having essentially 
the same features as the ADM 3A and selling for around $700 with the likelihood that they will soon sell in the $600 
range. On the other hand, these companies have also introduced terminals with extended features beyond the 
ADM·3A, which sell m the $800 range ll ls rumored that Lear Seigler wt1l soon replace the ADM-3A, which is an all 
'T'TL design, with a microprocessor controlled unit LS has been known for their aggressive pricing practices in the 
past, and their new terminals could set new price and performance levels. 

Sol Libes 
A CG NJ 
995 Chimney Rdg 
Springfield NJ 07081 
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Continued from page 43 

spec will not be met as that pin actuall y 
sources 2 mA into ground . 

This means that al though some 2708s 
may appear to proi,ram properly in the 
circuit shown, many may have weakly 
programmed bits, and over time the 
EPROM may ap pear to " drop" bits. 

I would suggest using ci rcuits recom · 
men ded by Intel, as this will eliminate 
the possibility . 

Jim Carlson 
3580 Cerritos Av 

Long Beach CA 90807• 

Plugging a Jack in the Box 

A graphi cs gremlin s truck Craig 
Anderton 's article in Novem ber 1978 
BYTE ("A Casse t te Interface Sw itching 
Box for the TRS-80," page 160). In 
figure 1, the schematic diagram, the 
sy mbols for jac ks and plugs are reversed. 
The correctly drawn figure is shown 

..,.,.,_..µ"
here.• 

JI 
A 

Pl 
(PLUGS IN
' REMOTE" 

TO RECORDER 
JACK) 

P2 
(PLUGS INTO RECORDER 
' EARPHONE " JACK) J2 

FROM TRS - 80 l" o 

Floating Point Error 

In Burt Hashizume's articl e "Floating 
Point Arithmetic" (November 1977 
BYTE, page 76) the statement was in"· 
correc tl y made that the author was 
sel ling documentation for mathematical 
function software. Hashizume is se lling 
the program and the documen ta tion . 
The package includes arithmetic func
tions, square root , and transcenden tal 
fu nctions written for the 8080 pro· 
cesso r. The package may be obtained for 
$10 from the author a t POB 447, 
Maynard MA 01754.• 

A Big Memory? 

On page 209 of the Decembe r 1978 
BYT E our What's New ? section intro· 
duced a 64 K byte programm abl e 
memory. Unfortunately, we said th at the 
internal architec ture was arranged as 
64 K byte by 7. We shou ld have sa id it 
was 64 K words by 1 bit. Our apologies 
to all readers who thought that the age 
of the one memory chip computer had 
arrived. • 

EPROMs out at 

the touch ofa finger. 


After programming a 2708 or 2716 EPROM you won't 
need a screwdriver to pry it out of SSM's new PBl board 
equipped with Textool sockets. Just flip the lever and lift it 
out. And on the same board there are 4 sockets waiting for 
2708 or 2716 EPROMs that can be independently addressed 
to any 4k or 8k boundary above 8000 hex. Two boards in one. 

PBl has two separate programming circuits so 2708 or 
2716 (5v) type of EPROMs can be programmed without 
modifying the board. Programming voltage is generated 
on-board by a DC-DC converter; no need for an external 
power supply. Programming sockets are Dip Switch 
addressable to any 4k boundary. And complete software is 
provided for programming and verifying EPROMs. 

With our Magic Mapping rM feature, unused EPROM sockets 
don't take memory space, so you are never committed to the 
full 4k or 8k of memory.The board can be configured for 0 to 
4 wait states. Use fast or slow EPROMs. All lines are buffered. 

The PBl kit is ava ilable at over 150 retail locations or 
directly from SSM for $139.95 (withTextool sockets) or 
$119.95 (without Textool sockets). All SSM kits are backed 
by a 90 day warranty. Assembled, one year warranty. 

SSM manufactures a full line of S-100 boards, including 
CPU, Video, 1/0, RAM, EPROM, Music, Prototyping, 
Terminator, Extender and Mother boards. For complete 
details just send for our new, free brochure. 

PBl 2708/2716 Programmer & 4k/8k EPROM Board 

addressing switches 

21 16 Walsh Ave., Santa Clara , CA 95050 
(408) 246-2707 

We used to be Solid Stale Music. We still make the blue boards. 
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Another Plotter to Toy With 

Peter A Lucas 
University of Wisconsin 
1025 W Johnson St 
Madison WI 53706 

Technical Forum is a fea
ture intended as on interactive 
dialog on the technology of 
personal computing. The sub
ject matter is open-ended, and 
the intent is to foster dis
cuss/on and communication 
among readers of 8 YTE. We 
ask that all correspondents 
supply their full names and 
addresses to be printed with 
their commentaries. 

Figure 1: Design for an 
XY intersection plotter. 
The two pulley systems 
allow true Cartesian pen 
motion from two station
ary servomotors. 

I have fol lowed with interest past discus
sions of the possib ili ty of building a hard 
copy pen plotter driven by hobby servo
mechanisms of the kind described by Robert 
Grappe! in "G ive Your Micro Some Muscles" 
(March 1977 BYTE, page 9). 

The crux of the prob lem is finding an 
easy way to build mechanical arrangement 
for translating the rotary motion of a pair of 
servomechanisms into the two-dimensional 
translatory motion of a pen on a plotting 
surface. T P Roberts in "Some Plotting 
Comments" (February 1978 BYTE, page 
172) has discussed this problem at some 
length . As pointed out in that article, a Car
tesian XY plotting arrangement is by far the 
most desirable approach- both in terms of 
maximizing plotting accuracy and of min i
mizing software complexity. However, the 
design proposed by Roberts for such a 
plotter is, as he points out, rather difficult 
to execute. The main problem is that it re
quires one of the servomotors to be 
mounted on a moving platform driven by 
the other- a somewhat unstab le mechanical 
situation. 

I DLER 

I would li ke to point out, however, that 
an alternate design exists which solves this 
problem nicely . Moreover, a plotter employ
ing this design has been available commer
cially for a good number of years. This de
vice features high resol ution, true XY plot
ting; it is ruggedly constructed , available off
the-shelf almost anywhere and sells for less 
than $10 (less the servomechanisms). This 
extraordinary product is manufactured by 
the Ohio Art company and, as any child 
could te ll you, is so ld under the name Etch
A-Sketch®! 

No joke, this classic toy represents an ex
cellent prototype for a hobbyist built plot
ter. Just in case there is anyone who has 
never owned one, I'll describe it briefly. The 
toy consists of a shallow rectangular plastic 
box with a transparent television-like screen 
which is coated on the back with some sort 
of silver colored substance. Two knobs con
trol the vertical and horizontal movement of 
a stylus which serves to etch away the sil ver 
coating, th us producing a line drawing on 
th e screen . Turning the box over and shaking 
it recoats the screen for a fresh start. 

PUL L EYS 
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Now, it's been a long time since I've had 
the tenacity to scrape clear the whole screen 
so as to see inside, but to the best of my re
collection, the design of the toy is something 
like that shown in figure 1. Basically, it is an 
XY version of the intersection plotter de
scribed in the Roberts article. Lateral mo
tion of the intersecting rods is accomplished 
by a system of pulleys and cords encircling 
the plotting area. 

The trick is that each rod has two cords 
associated with it, threaded in opposite di
rections around the servomotor shaft pul
leys. Thus, when the servomotor turns, the 
two cords move exactly the same distance 
around the plotting area, but in opposite 
directions, thereby keeping the rod paral
lel to its axis. Two such pairs of loops com
plete the system, comprising a simple, 
mechanically stable and quite satisfactory 
plotting mechanism. 

Design Notes 

Although figure 1 shows the drive pulleys 
mounted directly on the servomotor shafts, 
in practice it will usually be necessary to 
provide some sort of pulley or gear arrange
ment to adjust the amount of pen movement 
per revolution of the servomotor. When 
using servomechanism devices whose range is 
limited to 180°, an arrangement like that 
shown in figure 2 would be needed in order 
to obtain an adequate plotting area. If this 
is taken too far, of course, either the plot 
resolution will become unacceptably coarse, 
or else the torque at the secondary pulley 
will be reduced until it can no longer drive 
the mechanism smoothly. 

A happier situation exists if one is work
ing with devices (such as stepper motors) 
which can rotate continuously at a reason
able rate of speed. In this case, it is desirable 
to employ a reduction arrangement- just 
the opposite of that shown in figure 2. In 
this way, the size of the plotting area and 
the resolution can be increased. 

A word also needs to be said about the 
pen mechanism. Any practical plotter re
quires the ability to raise and lower the pen 
under program control (the lack of this abi l
ity is a major shortcoming of the Etch-A
Sketch®). By far the simplest method is to 
employ gravity and the weight of the pen 
to maintain contact with the plotting sur
face (this works best with felt tip markers 
and Rapidograph type drafting pens). In 
this way, a very small solenoid is sufficient 
to lift the pen fro m the paper. Note th at 
unlike Roberts' intersection plotter design, 
the pen need not be aligned with the inter-

PRIMARY PULLEY 

section of the two drive rods: the orthogonal 
motion of the pen carriage insures that no 
distortions will be produced by an offset. 

Two minor details also need mentioning. 
First, figure ·1 shows the two sets of idler 
pulleys on different shafts on ly for clarity's 
sake; there's no reason why they can't all 
be mounted on the same shaft, provided that 
each rotates independently. Second, the 
illustration shows tension springs threaded 
in line with the drive cords. A generally bet
ter (but slightly more complex) method of 
maintaining tension is to spring load one of 
the idler pu ll eys for each loop as shown in 
figure 3. Note that the tension pulley for 
each loop must operate independently in 
order to compensate for small differences in 
the lengths of the cords. 

Concluding Remarks 

The design presented here possesses all 
the advantages of a true XY plotter com

......__PULLEY 

Figure 3: A spring loaded idler pulley to 
maintain cord tension. Four of them will be 
required, one for each loop. 

SECONDARY PULLEY 

Figure 2: Pulley arrange
ment to increase pen 
motion per revolution of 
the servoshaft. Note that 
the two secondary pulleys 
must be attached together 
so that the servomotor will 
drive both cord loops, but 
in opposite directions. The 
arrows show the motion of 
the two loops for a clock
wise rotation of the servo
motor. 
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Circle 142 on inquiry card. 

ALL NEW 1979 EDITION 
AVAILABLE AFTER JANUARY 

$10.00 
SEND CASI-I. CHECK. OR MONEY ORDER 


10: 


GALLAHER RESEARCH, INC. 

P.O. BOX 10767 


WINSTON·SALEM. N C 2 7108 


GRIVET SERIES• Ew 1i:r: .dCATALOG ~fy1~ 
• PARTS • APPLICATIONS • Pt.ANS • INTERFACES 

The brand new 1979 Grivet Series Catalog contains 
detailed drawings and 100 pages of design data Jn a 
rugged. 3-ring binder. Inside you will find all the inter
changeable ports and standard materials you will need 
to construct over 1.000 different configurations. Build a 
simple. little two-foot motorized box. or a multi-legged 
insect-like creature. or accept the challenge ofa seven
foot two-legged, dual-armed android! Interface your 
robot to your microprocessor through our DC motor 
controller and positional feedback boards. Use your 
own plans. or select from any of ours. Put a robot to
gether. then take it apart and build a completely 
different one from the some ports. or buy more ports 
and expand your system. 

You can use the versatile new BETSI 
to plug the more than 150 S-100 bus 
expansion boards directly into your PET*! 

On a single PC card, B ETSI has both interface circuilry und a 4-slol S-100 molhcrhoard. Wi th 
BETSl. yo u can instantly use the heller than 150 hoards devel oped for !he S- 100 hus. Fur 
expanding your P E rs memory and l '0. BETS! gives you 1hc interface. The single hoard 
has hoth the cnmplcic inlcrrace circuitry rc4u ircd aml a 4-slot S-100 motherhoard . plus an 
80-pi n PET connector. BETS ! connccls to any S-100 type power supply and plugs di rectly 
int o the memory expansion conrn:clor on the side of you r l' El'"s " '":. AmJ that's it. You 
need no additional cables. i11tcrfoccs or backplanes. You don"1 ha ve Ill mod ify your PET i11 
any way. and BETS! doesn't interfere with PET's IEEE or parallel pons. A11d when you 
wan! IO move yoursys lcm BETS l instanllydctachcs from your l'ET. 

BETSI is compalible with virlually all of lhc S-IOO boards on the market. including rncmor)' and 
1/0 boards. BETS l has an on-board conirnller 1ha1 al lows1he usc ofihe high-density low-power 
"Expandoram" dynamic memory board from S.D. Sales. This means you can expand you r 
PET to its fu ll J2K limit on a si ngle S-100 card 1 Plus. you won't reduce l'ET's speed when 
you use either dynamic or stat ic RAM expansion with BETSI. Additionally. BETSI has 
four on-hoard snckets and decoding circui try for up 10 8K of 2716- iypc PROM cxpa nsion 
(to make use of future PET software available 011 PROM). BETS ! jumpers will addrc's the 
PROM s anywhere wi thin yo ur PET\ ROM area. lOo. 

The BETSI Interface/ Motherboard Kit include.~ all 
components, a 100-pin connector, and complete 
assembly and opernting inslruction.~ for $119. 

MAIL ORDERS ARE 

NORMALLY SHIPPED 
 The Assemb led B ETSI hoard has four lllO-pin 

WITHIN 48 HOURS. cunnccrors. complclc oper:iting inslruclions and a 

VISA AND MASTERfull 6-monlh w ..rranr~· for jusr $165. 

CHARGE ORDERS ARE 

BOTH ACCEPTED. 
 FORETHOUGHT PRODUCTS 

87070 Dukhnhar Uu:id #K 
t:u~ene. Ore~on ~H02 
Phone (50.\) ~85·8575. 

c. 1971< l-on..•1hou~IH Prnd111:1:. 

bined with an ease of construction thaL 
matches or exceeds most other designs 
which have been proposed. Careful ly con
structed and driven by appropriate software, 
it shou Id be capable of producing plots of 
a quality approaching that of a professional 
draftsperson. A simple plotting routine 
might accept an X and Y coordinate relative 
to the current pen position (ie: delta X and 
delta Y) and either move (pen up) or draw 
(pen down) to that coordinate. A more elab
orate plotting package mighL include rou
tines for drawing dotted and dashed lines, 
automatic scaling, rotation, translation of 
the coordinate system, software character 
generation, etc. 

Such a system would provide the basis for 
a variety of practical and aesthetic applica
tions of personal computing. The artistic 
possibilities are especially appea ling. Several 
BYTE covers have been graced with ex
amp les of "algorithmic ar t" (ie: February 
1977, October 1977, April 1978, Septem
ber 1978, etc). Given time, a pen plotter is 
capab le of producing far more detai led and 
intricate im ages than can be satisfactorily 
displayed on a video display. An added 
bonus is the capabi li ty of making multiple 
passes with different colored pens.• 

PET • .:'. 

Bl:TSI 1:f thf llt'k' lnurfacr/ 1\lothrrhoardfrom Ftutthoughl 
l'ro1/ucu-tlre' makru of A'/1'1.'if•-which allow.If mrr.t· nf 
Conwwdorr't /'ET l'rnonal Computrr lo instantly work 
v>'ith tlw Jcorri of'"~"""Y and// () fwartlt <l~•·t'IO/Jt'ffj,>r rhr 
S -I (J(J tlm.~ai/ ..t ltt1ir IJ'flt') hU1". Hf.' I SI iJ' a1·0Uohlt' fwm Muck 
nn " .\'it1Klt' 5~" x /O HprinuJ l'irn1i1 f'ard. 

llf.'1:\ '/ fr a1•uilr1hlt' ojj-tlrt>·.\htlffwm Y""' lur:al dndr-r or (if 
tl1ry·,-,. uut) Jirt•f't(l' from lht' mu1111faN11tt'r. 

Ask about our 
memory prices. too! 
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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' chan$ing needs. 

TARBELL FLOPPY DISC 


TARBELL 

CASSETTE INTERFACE 


• 	 Plugs directly into your IMSAI or ALTAIR• 
• Fastest transfer rate : 187 (standard) to 540 bytes/ second 
• 	 Extremely Reliable- Phase encoded (self-clocking) 
• 	 4 Extra Status Lines , 4 Extra Control 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 
• 	 Full 6 month warranty on kit and assembled units 

INTERFACE 
• 	 Plugs directly into your IMSAI or 

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

• 	 Operates at standard 250K bits 
per second on normal disc format 
capacity of 256K 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 
WO 1771 LSI Chip. 

• 	 Full 6-month warranty and exten
sive documentation . 

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

TARBELL 

PROTOTYPE 


BOARD 

Model 1010 

Compatible Disc DrivesCP/ M with BASIC-E 

and manuals : $100 Ask about our disc drives priced as low as $525. 


• Gold plated edge pins 
• Takes 33 14-pin !Cs or 
• 	Mix 40-pin , 18-pln , 16-pin and 

14-pin !Cs 
• Location for 5 volt regulator 
• Suitable for solder and wire wrap 
• 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 . 
•ALTAIR is a trademark/ tradename of MITS. Inc. 

CP / M is a trademark/ tradename of Digi ta l Research 

950 DOVLEN PLACE• SUITE B •CARSON, CALIFORNIA 90746~ro~tf/ (213) 538-4251 • (213) 538-2254 
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Anthony J Schaeffer 
3510 Dunstan DrTh Eclectic C r e der Bloomington IN 47401 

Recently1 upon completing an LD-14 
version of the PDP-8 minicomputer, I en
countered the common problem of data 
entry: all that I had were the panel switches 
and a softwarel ess cassette recorder. (See "A 
Tutorial Training Compu ter," January 1977 
BYTE, page 76. This is a useful tool for 
learning digital electronics.) Paper tape 
provides the usual solution to th is problem, 
but it was difficult to extract paper tape 
from the large system I use. The only 

Photo l: The parts of the reader laid out before assembly. 

solution seemed to be to follow the big 
fellows and use punched card input. Enough 
details of my design of the card reade r 
follow so that an enterprising soul can 
modify it for other uses. 1 hope that a 
manufacturer will produce and market an 
inexpensive people powered card reader of 
similar design. Punched cards are too per
vasive for small computer users to ignore 
forever. 

Standard punched cards have 80 columns 
and 12 rows. Simple readers usually read one 
column of 12 bi ts at a time; the reading is 
typically done by shining a light on the card 
and sens ing a 1 where there is a hole and the 
light can get through. Since there are 80 
columns, some clocking method must be 
arranged to determine when a column is 
aligned with the detector and ready to be 
read. In a reader where the card is moved 
by hand at nonconstant speed, the only 
effective method of obtain ing clocking is 
to dedicate one row on the card to being a 
clock row. When it is aligned, th e other rows 
are aligned and data can be read. Natu rally, 
every hole in the clocking row must be 
punched, and the clocking row is not avail
able for data, so there are only 11 bits of 
data per column. Since most computer 
systems that use a reader of this simplicity 
are based on eight or 16 bits, the loss of 
one bit out of 12 is not a severe loss. One 
simply punches eight data bits per column 
and has four bits left for clocking and error 
recovery. 

Figure l shows the mechanical detail of 
my design. The wood parts were cut from a 
scrap 1 by 6. (Actually 3/4 by 5 7/16 inches 
or 1.9 by 13.8 cm.) First I cut the board to 
the length of a card. Then I trimmed 1/2 
inch (l.3 cm) off each edge to make the top 
guide rails. The finished base was about 
4 1/4 inches (10.8 cm) wide. A card with all 
12 holes punched in column 40 is the only 
precision piece, and it provides the align
ment for the reader. (Nine holes suffice 
to read eight bits of data plus one clock bit.) 
Using this card as a template, mark the 
board and drill 3/16 inch (0.5 cm) holes to 
accommodate the phototransistors. This 
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comPUTER SOFTWARE 

For Homeowners, Businessmen, Engineers, Hobbyists, Doctors, Lawyers, Men and Women 
We have been In business for over nine years buildIng a reputa • Virtually Machine Independent - these programs are wrtt
tion for providing a quality product at nominal prices - NOT ten In a subset of Dartmouth Basic but are not oriented for any 
what the tramc wlll bear. Our software Is: one parttcular system. Just In case your Basic might not use 

one of our functions we have Included an appendix In \t>l
• Versatile - as most programs allow for mulllple modes of ume V which gives conversion algortthms lor 19 dlfterent

operation. Basie's; thafs light, Just look It up and make the substitution for 
your parttcular version. If you would llke to convert your 

through the program (most have very detailed Instructions 
• 	Morici - as each program Is self prompting and leads you 

favorite program Into Fortran or APL or any other language, 
the appendix In Volume II wlll define the statements and theircontained light In their source code). 
parameters as used In our programs.

• 	Comprehensive - as an example our PSD program not only Over BS'Yo of our programs In the first five volumes wlll execute In 
computes Power Spectral Densities but also Includes FFT's, most BK Basie's with 16K of free user RAM. If you only have 4K
Inverse-transforms, Windowing, Slldlng Windows. simulta Basic, because or Its lack of strtng functions only about 60'Yo of 
neous FFT's variable data sizes, etc. and as a last word our our programs In Volumes I through V would be useable, how
software Is: ever they should execute In only BK of user RAM. 

• 	 lleadable - as all of our programs are reproduced full size For those that have specific needs, we can tallor any of our 
for ease In reading. programs for you or we can wrtte one to flt your specific needs. 

Vol.I 	 Vol.II Vol.Ill Vol. IV Vol.V Vol. V1 
Business & Gomes& Blnomlol Beam Biiiing Bingo Andy Cop Ledger Maintains Company occcxns and g-.atas 
Pelsonol Plciures Chi-Sq. Corn< lnven!Oly 8onds Baseball ftnonclol repom. lneludeS to\11~ for: Pyn. In~ 
Bookkeeping Coe!! flllef Poyroll Bull Compare Depc AI R. A/ P.

Anlmols FourPrograms 	 Conftdence1 Flt Risk Enterprise Cont\d10
AslronolA 	 Vol. VIIConfidence 2 lnlegrotton 1 Schedule2 foott>oll DescrlpBond Bogel Conelollons Integration 2 Shlp~ng Funds1 Dltlef Chess Designed to challenge !he overoge ~Yet

Building Bio Cycle Curve lnlenslly Sloe s Funds 2 Engine lolrly comprehensive. Great kJtl lor al ollels a 
Comans Dltlerences Lola Switch Go-Moku Four1er unique oppollllllty lor beglmera In need OI an~~ Ch&Ckers Dual Plot Macro 	 Jock Hone opponent.

Declslon1 Crops Exp-Olslrl Mox. Min. U!e IntegersDeclslon2 ~Ohl Leosl Squares NovaId Loans Logie Medbil For Doctors and Oenllsl$ alike, a complete 
Depreciation patient billing system whk:h also permits lhe Paired Opltcol 	 Mazes PlayboyEfnclent Judy 	 maintaining of a patient hlstoly record.Plot Planet 	 Poker Pr1mesAow Line Up 
Installment Pony 

Plolpls PSO 	 Popul Probol Wdproc Wordprocesslng lor lawyers. publishers. wrllels.
Polynomial Ftt Rond1 	 QuodrocProltls etc. Vt111e, slOre, and change lrom rough draft 

Investments Sky Diver 
Interest Roulette ~195$lon Rand 2 	 Qublc Red Boron lo ftnol copy In a variety OI fomlols. 1 Solve 	 Rotes Regression 2 Mortgage Tonk Slol 2 ~!Hon Renre Road l!lxYler Ullllty Disk utility program with memory testing. 
Opftmlze Teoct'I Me f.Dlslrtblilon ors 	 Soyjngs RouletteOrder 

Plciut8S Unpaired Track 	 SBA Santo Vol. VIIIPert Tree Vortonce1 Trtangle 	 TIC·Toc-Toe Slol10Rote A.Newmon 	 1041).Tox Taxpayers return. Itemized deductions orVortonce2 Vortoble 	 Slol11Retum1 J.F.IC. 	 standardxv \lecior 	 SteelUnusRetum2 
Ms. Santo 	 Top Balance Reconciles bank statementsSchedule! APPENDIX A 
Nixon 	 'Jory Checkbook Balances your ch&CkboakXmas 
Nude lnsl10 78 ComP<'&S real cost on bank ftnonced Items; 
Noel Noel 

A.PPENDIX BPeoce cars. bools, etc. 
PolIceman Oeprec2 Computes depreclottOI\ 4 melhods. any nmeSanto's Sleigh periodSnoopy 
Virgin APPENDIX C - l'AVORITE Pl!OGl!AM CONVERSIONS 

l.t>I. V-$9.95 
Expertmentef'S Program 

l.t>l. 111 - $39.95l.t>l. 11-$24.95 l.t>l. 1-$24.95 'vt>I. IV - $9.95Advanced BusinessBookkeeping Generol PutpOs9Molh/~lneertng Bl~nventoryGomes In ants
Plelut8S =~~Del. Payroll 

l.t>I. V1  $.-69.95 
Mini-ledger 

l.t>I. VII  $39.95 
Profealonol 
Programs 

l.t>I. VIII - $19.95 
~.. 
Programs 

AVAILABLE AT MOST COMPUTER STORES Add $1.50 per llO!ume hondllng, o ll d.,,,_c snipmem sent U.P.S. 9KCepl llPO 
Mast8f Charge and Bonk Amerlcard accepted. ono P.O. Bo• Wl'tlch go porcei posl. folelgn O<Clers odd $8.00/volume for air 

Shipmen! ond make poyoble In U.S. dollori <>nl¥ 
Our Software Is copyrighted and may not be reproduced or sold. 

SCIENTIFIC RESEARCH 
P.O. Box 490099-B Key Biscayne, FL 33149 

(305) 36t-t153 
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Figure 1: Construe tion of 
the author's homebrew 
punched card reader. The 
base is drifted for photo 
transistors (see detail of 
mounting in figure 2). 
Above each hole is an 
aperture made by a 
punched hole in the aper
ture card, which is glued 
to the base. The top 
guide rail is glued to a 
stack of spacer cards. 

APERTURE 
CARD GLUED 
TD BASE--~ 

APERTURE 
MADE FROM -
PUNCHED -
CARD--~,.L----------___.,_._---

•••
• 

drillin g should be done accurately; a sharp 
bit wi ll produce clean holes. After the holes 
are drilled, glue the aperture card to the 
board. I found watered down white glue to 
be easy to use. 

To form a slot in which the card can 
move freely, build spacers at the top and 
bottom edges of the reader. These can be 
constructed by gluing three cards together. 
When the glue is dry, cut them lengthwise 

~-LIGHT SOURCE 
~ (75 WBU L B) 

// 1\' 

-121n 
(30.5cm) 

APERTURE 
PUNCHED CARD 

Figure 2: Cross section of the card reader. The holes in the aperture card are 
lined up with the drilled holes for the photo transistors. (In this drawing 
only one of nine photo transistors is shown.} The top guide rail forms a 
notch which keeps the card being read from wandering. 
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with a sharp knife and a straight edge. 
Smooth them slightly and glue the spacers 
snug against the aperture card as shown 
in the figures. Before attaching the top 
guide rails, spray paint everything flat 
black to reduce stray light that could shine 
through the reader body into the photo
transistor. Finally, glue the top guide rail 
and nail in place with about 1 /8 inch (0.3 
cm) overhanging the aperture card to form 
the guide. See the end view in figure 2. 

Figure 3 shows the basic circuit. I used 
Fairchild FTK0031 phototransistors which 
I purchased from Jam es Electronics. I be
lieve these are actually FPT-100 that are not 
being used in new designs, so Fairchild has 
put them in an inexpensive kit for experi
mental usage. These devices usu ally have 
no connection to the base, so I cut off the 
base leads. The pull up resistor holds the 
inverter input high when the transistor is 
not being illuminated. It also controls the 
sensitivity of the circuit. It should be small 
enough to hold the input high when the 
phototransistor is covered. About 2.2 k 
ohms for normal TTL seems to work 
well, but in the breadboard stage I found 
that no resistance also worked. Smaller 
values can be used to reduce the sensi
tivity. As the circuit stands, it will not 
switch reliably because noise will cause 
the inverter to switch off and on as the 
light on the phototransistor increases or 
decreases through the threshold value. 
This "bouncing" can be eliminated by 
using a Schmitt trigger inverter or gate: 
7413, 7414 or 74132 (see "Look What 
You Can Do... with an Edge as a Cue" 
by Ralph Tenny, August 1977 BYTE, page 



INTRODUCES ''CORE'' 

A NEW CO-RESIDENT SYSTEM MONITOR 


FOR THE TRS-80 

CORE IS AN INDISPENSABLE 
' 'BRAIN-SURGEON' ' 
This program is essential for the 
TRS-80 level II (16K minimum). Il 
permits the user to penetrate and 
manipulate the contents of the 
memory. ll can question the input 
and output ports, the CPU registers, 
control the mass storage drives and 
much more. 

HERE'S A PARTIAL LIST OF 
THE AVAILABLE COMMANDS 
•Examine and modify memory 
• Display memory content in Hex 
• Display memory in ASCII 

characters 
• Display Z-80 CPU registers (main 

and secondary) 
• 	Enter ASCII characters in 

memory 
• Fill memory with user defined 

byte 
• Move block 	of code to different 

address in memory 
• Verify discrepancies within two 

blocks in memory 
• Locate a string in memory 
• Branch to user defined routine 

• 	Go to and execute user defined 
address with two breakpoints 
available for debugging 

• Hexadecimal arithmetic 
• Question input ports and com

mand output ports 
• Tape Cue; cassette on/ off 
• Read tape cassette file 	in memory 

(bias available) 
• Write file onto tape-cassette 
• Memory test fo r bad chip 
• Calculate top address of RAM 

PRS COMPREHENSIVE 
DOCUMENTATION 
ACCOMPANIES CORE 

PRS CORE comes with a complete 
and instructive handbook explaining 
every procedure step by step. This 
unique documentation is wrillen in 
clear and easy-to-understand English 
and avoids esoteric technical language. 

But PRS documentation for CORE 
is more than clear and precise in
structions in a graphically appealing 
manual. You learn at the same time. 

Indeed, PRS CORE documentation 
offers you a true fluency in com

puter-user dialogue. 

PRS CORE HAS A 

POWERFUL CODE 

Powerfu l code means fast and ac

curate answers. PRS permeates the 

design of its unique code with "hu

man engineering." 


CORE IS PROTECTED IN A 
BEAUTIFUL CASSEITE
FOLDER 
The PRS cassette and manual for 
your CORE program is protectively 
nestled in an efficient and durable 
gold-imprinted folder. Wherever you 
file it, in your room or office, the de
cor will be enhanced by its elegance. 

CORE FROM PRS IS SUPPORTED 
BY TRS-80 LEVEL II (16K 
MINIMUM). 

VISIT YOUR NEAREST DEALER 
TODAY TO OBTAIN YOUR 
CORE FROM PRS FOR ONLY 
$38. 95 PER CASSETTE 
Let your dealer demonstrate the ex
cellence of PRS CORE. Or use the 
coupon below to obtain the name of 
a dealer in your area. 

·------------------------------
New Product Releases From 

PRS THE PROGRAM OF THE MONTH CORPORATION 
~57 Central Park West. New York. N. Y. 10024 

Gentlemen: 
O Please place my name on your priority mailing list to receive 

your descriptive advance releases of all new programs devel
oped by PRS at regular intervals. 

O Please send me a list of dealers in my area . 

Ti tle 

Corporation ----------------- 

Address 

City ______ _ __ State ____ Zip --- 

Reference 289 

·------------------------------ 
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Photo 2: A view of the completed card reader, with a test card partially slid 
through the device. Note the timing track punched along the top row in 
every column, with arbitrary test data in several columns. Note also how 
the wooden guide overlaps the card at the top edge of the picture. 

About the Author 

Anthony j Schaeffer 
holds a PhD In opp/led 
mathematics from the 
University of California 
and is currently PLATO 
site director at Indiana 
University, Bloomington 
campus. 

120). I used a Sch mi tl trigger only on the 
clocking bit, but it would be best to use 
one on all of the bits. Also, low power 
Schottky integrated circuits have higher 
input impedances and will give greater 
sensitivity. 

It is essential that the clocking bit switch 
cleanly . Also, it must be the last one to 
come on and the first to go off. The data 
bits can bounce a little, as long as they 

+5V 

R 

OUTPUT 

PHOTOTRANSISTOR 

Figure 3: Detail of the photo transistor cir
cuit used for the reader. The resistance R 
controls the sensitivity of the circuit. About 
2.2 k ohms is the nominal value for the eight 
data zones of the card, and the single 
"clock" row (every column punched) is 
adjusted to a lower sensitivity by using a 
smaller resistance value. The lower sensi
tivity of the clock track is used to delay 
the clock pulse slightly to guarantee that 
the data Is stable. 

WORLD LEADERS. 

AGREE: 


MWEN CONTROllER BOARDS 
UNIVERSAllY APPLICABLE 
We asked several prominent world leaders what they 

thought of the Mullen Conuoller Board. Here are their replies: 
"Sunny" Jim Callaghan (British Prime Minister): •As you know, 

wf!ve had some energy problems around here .. . but that was 
before· the .conuoller Board. Nowi these boards control llghting 
and heating in all government bui dings, resulting in an energy 
reduction of over 25%." 

Leonid Breshnev (Soviet leader): •our wheat harveslS were 
the pits, until we discovered the Controller Board. While our 
computer monitors weather data and other variables, the 
Conuoller Board dispenses proper lrrigatiol'I and fertilizer for 
optimum growing.• 

Kurt Waldheim (Secretary General United Nations): · 1firmly 
believe the Mullen Controller Board Is a stablllzln' Influence·In 
global trade. Its low cost helps offset worfd·wlde infladonary 
uends." 

Glscard D'Esraing (French leader): "Les 'Mullen Controller 
Boards' sont absolument magnlfiquel )e les utilize chaque jour 
pour toute scrtes de choses." 

Jimmy Carter (President. USA): •Ah use Mullen Controller 
Boards all the time, but there was one problem they couldn't. 
solve: my worries about defense systems reliability. What ii 
some computer failed at a crucial momen~ and it took ho,urs 
to se(Vlce ltlThars when·the Mullen "'an showed me that 
Mullen Extender Boards can<speed servicing· and repairs." 

These unsolicited (and totaUy filbricated) statements are not only designed lo 
provide • little entertainment, but to ~phaslze that tf)e Mullen Controller Board is 
truly a product that makes your computer useful People use these boards to 
control clisc:o lights, robots, photography experiments ..• e.en an automatic cat 
lee.led Visit your local computl!r store and '" ou.r board• In person, or order 
from 115 by direct mall (only S98,postpald; Callfomla fl!Slclents add sales tax for 
mall orders). 

MU• • EN Computer Products 
BOX 6214, HAYWARD, CA 94545 
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have stabilized before the clock comes on. 
The data bits do not need to extinguish 
between adjacent punched columns, as long 
as they go off in an unpunched column 
before the clock comes on. I achieved this 
by adjusting the position of the light so that 
the data bits just extinguished between 
adjacent punched columns. Then I reduced 
the sensitivity of the clocking bit until 
it would just come on reliably for every 
column. This seemed to give reliable results. 

For the record, I used a 75 W bulb in a 
goose neck lamp about 12 inches away from 
the reader. Phototransistors respond best to 
an ordinary filament light bulb or to an 
infrared LED, but visible LEDs and fluo
rescent lights do not work well. 

Many variations on this reader are 
possible. An end-of-card indicator would 
be a useful addition. In my second version, 
I wanted to be able to read all 12 rows as 
data, so the clocking information could 
not be on the data card. To get the clock, 
I had the data card push a clock card past 
a second read station. The alignment was 
achieved by punching both the data station 
card and the clocking station card in column 
40. These two cards were glued side by side 
on the board, so when the data card pushed 
the clock card, corresponding columns 
were aligned over both stations.• 



----------

-----

TRS-ao· 
When Microsoft put Level II BASIC on 
TRS-80, you got a glimpse of Its full 
potential. 

Now M icrosoft Introduces: 

TRS-80 Fortran 
and TRS-80 wlll never be the same ! 

Plus 

TRS-80 FORTRAN Includes the finest 
Z-80 development software available: 

z-ao Macro Assembler, versatile Text Editor, 
and Linking Loader. 

€ircle 228 on inquiry card. Total price: Only $350.00 

TO : M icrosoft. 10800 NE E ig hth . Suite 819. Bellevue. WA 9 8004 

D Send me free TRS-80 FORTRAN overview. 

D Send me TRS-80 FORTRAN and Z-80 development soft
ware for $350.00. 

D Check enclo sed D Master Charge D VIS A 

card Number___ _ _ Ex p . Date___ _ _ 

ca rdhO lder·s Signatu re _ ___ ___ ___ _ _ _ 

Name__________ ___ _ ___ ~ 

Address _ _ ____ _ _ ___ _____ _ 

C\ty _ _____ _ __State _ _ ___ Z \p _ _ 

Clip the coupon and ORDER 
NOW, or send for free 
overview for more details 
about TRS-80 FORTRAN. 

TRS-80 FORTRAN is supplied on 
two mlnidiskettes and requires a 
32K system with one disk drive . 
Dealer inquiries invited . 

M[Cl?050Ff 
10800 NE Eighth, Suite 819 
Bellevue, WA 98004 



ssembling 

the ADM-3A 

Paul Franson 
115 Fancher Ct 
Los Gatos CA 95030 

When I decided to acquire a personal 
computer system, I noticed that much desir
able equipment is avai lab le in kit form al 
substantial savings over assembled cost. It 's 
always tempting to save money, but like 
many others, I wondered if th e savings were 
worth th e trouble. Are the kits su itable for 
building by any computer enthusias t or does 
it take a dedicated and experienced hard
ware enthus iast to do the job? How hard is it 
to build a kit? Will the equipment work afte r 
it's assembled? And who fixes it if it doesn't 
work? A $200 savings doesn't mean much if 
you end up with a pi ece of gear that doesn't 
work and ca n only be fixed with great 
difficulty at substantial cost. 

I had already acquired an assembled 
m icrocompu tcr, but decid ed that I needed 
something more than the lim ited hexadeci
mal keyboard and display . The obvious 
answer was a video terminal, and Lear Sieg
ler's ADM-3A intr igued me. It is widely used 
in industry (I see th em in my work), has 
every feature you could expect in a video 
terminal an d is availab le at a substan ti al sav
ings for the home co nstructo r. 

I decided to take th e plunge with the kit. 
If you have considered buying and assem
bling this or any other kit, you might be in 
terested in my experie nce. To save you from 
excessive suspense, I'II tell you now that it 
wasn't a bad job, and the terminal worked 
the first time I turn ed it on. Nevertheless, I 
did run in to some problems and I suspect 
that others who build this and related kits 
will have similar experie nces. 

Some ADM-3A characteristics should be 
considered before discussing its construc
tion. Lear Siegler markets it as the "dumb" 
terminal, which turns out lo be a very smart 
move . This lowly label serves to set it off 
from the expensive and much ball eyhooed 
"smart" terminals being used more and more 
in distributed computer systems. The smart 

terminal contains a certain amount of com
puter power, allowing it to greatly reduce 
the load on its host computer, which may be 
a long telephone call away. 

The ADM-3A, on the other hand, is ju st 
wh at the hobbyist and many profess ional 
users need. It contains al l the needed fea
tures, se lection of a variety of configurations 
with numerous small internal switches and 
options avail able for some other features. 

Among the main features are its 12 inch 
(30 cm) video display, which can display 
960 characters in 12 lines of 80 characters 
per line, or optionally, ·1920 characters in 24 
lines. The standard 64 character ASCII set is 
displayed in upper case, and al l usual con
tro ls and punctuation are included. The 
characters arc formed from the standard 5 
by 7 dot matrix. Lower case displ ay is one 
of the options avai lable at additional cost. 
Like the extra display , th e lower case charac
ters are added by simply plugging in some 
addit ional in tegrated circuits and flipping an 
intern al switch. 

A big plus of the ADM-3A is its versatil
ity, assuri ng users that it will work with any 
systems they are likely to have. Full cursor 
control is provided under loca l or computer 
control, with either reverse block or under
line to indicate its position. Data can be 
en Lered from top to bottom or at the bot
tom of the screen with scroll upward like a 
typewriter. End of line is indicated wi th a 
beep, and the termina l can be set to start a 
new line automatically at the end of the line 
you are entering. 

Both Electro nic Industries Association 
(E IA) standard RS-232C and 20 mA current 
loop (Teletype) comruter interfaces are pro
vided, with an auxi li ary interface for 
RS-232C printer, magnetic recorder or other 
device. Communications r<1te is selectable 
from 75 to 19,200 bps, surely a wide enough 
range for virtually any use. Full and half 
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IP-225 PrinterIP-125 Printer by Integral Databy Integral Data .. 	 All the features of the IP-125, 
plus tractor feed. 

• 50 char. per sec. 
• upper/lower case 	 Optional: 
• 256 char. buffer Options: 	 Buffer, graphics, 

• compressed print . . . . . . . . . . $ 39• 80 columns wide 	 compressed• 1K buffer . . . . . . . . . . . . . . . . . . . 99
• enhanced char. 	 print, $149.• TRS-80 cable . . . . . . . . . . . . . . . 49 

• bulfer/graphics/compr. print . 149 

Texas Instruments 81 0 Impact Printer 
immediate shipment 
The Tl 810 has some big features you usually don't find for 
such a small price. Tractors, RS232-C, 150 cps (fast), bi 
directional, multi-copy, 3" to 15" form width, 9 JC 7. 
Options: 
• upper/lower case, $100 
• forms length control/compr. print, $200 
• stand & tray, $125 

Hazeltine 1500 
Terminal Video Terminal 
Soroc IQ 1 20 Video 

MicroWorld is a division of The Phoenix Group, Inc. Call for alliJc•oWCJAlO ™ your computer needs. 
Bringing information technology to your doorstep 	 Prices F.O.B. Tempe 

No handling charge for freight-collect orders.1425 W. 12th Pl. • Tempe, AZ. 85281 • 602-894-1193 
place your order TOLL FREE 

1-800-528-1418 • 



Photo 7: Lear Siegler 
A DM-3A "dumb'' terminal 
kit. When the kit is un
packed, the various parts 
are grouped in convenient 
sections. 
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duplex modes are se lected by switch, as are 
word length (nine, ten or 11 bits) and 
parity. Again, the terminal has the flexibility 
for virtually any application, so you aren't 
locking yourself into one system or mode of 
operation. 

The individual builder of the kit doesn't 
go though all the tests, inspections and the 
burn-in cycle that Lear Siegler app lies to its 
assembled equipment, but the design and 
components are the same quality as in their 
commercial units. 

All Those Parts? 

The first thing you notice when you get 
the terminal kit is its huge packing box. The 
terminal itself is not much larger than a 
typewriter with the video display on top, 
but the packing box could have a good size 
color television in it. The reason for the size 
is the careful packing for protection in ship
ping. You're not likely to find shreds and 
pieces of the terminal when you open the 
box. 

The next surprise as you look over the kit 
is that much of the work has already been 
done for you. The video monitor is alr·eady 
assembled and mounted in the top half of 
the case, and the hefty power supply trans
formers, primary fuse, switches and cables 
are already attached . Even the end of line 
beep speaker is installed on the bottom (it 
drove me crazy trying to find it until I read 
the instruction book-more on that later). 

The third observation as you look at the 
contents of the packing case is the shock 
when you see the vast number of integrated 
circuits in the kit. Sockets are provided, 

thank goodness, but it dawns on you that 
you are going to have to solder every lead of 
each of the almost 150 sockets, plus the 
other components mounted on the circuit 
board. That's a lot of soldering (unless, of 
course, you have a wave solder machine 
handy) and the spaci ng between sockets is 
pretty tight. 

Time for second thoughts? No, it turns 
out that it's not that bad a job. I used to 
build a lot of electronic equipment in years 
past, but I'm a bit rusty at present. The sol
dering took me about six hours total , but I 
don't think I'd tackle it without some expe
rience. Building a simple Heathkit first 
would be a good idea and would probably 
help quite a bit. 

Do follow instructions, however. Every 
kit I've eve r built has warned not to jump 
ahead in assembly, and I always do some
thing that looks right to me and end up curs
ing when I find out that I goofed. In this 
case, it was soldering two small dual-in-line 
package switches (with 14 leads} in back
wards. Correcting the problem was a nasty 
job. 

Installing and soldering the sockets them
selves was fairly straightforward. The manual 
suggests that you insert all of the sockets, 
hold them down with masking tape, then 
turn the board over and tack each socket 
down by soldering in two diagonal corners. 
Then you remove the tape, and if any socket 
isn't flat against the board, it can be seated 
easily by softening the solder and pushing 
the socket in place. 

After all the sockets are in position comes 
the big job: soldering each terminal to the 
board . I suggest you take it in a few sessions 
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Technical Systems Consultants, Inc. 

TSC, Technical Systems Consultants, is 
the software company for all the newest, 
most innovative ideas in computer 
software. TSC builds a variety of pro 
grams, packages and games so you can 
get down to business or just some fun . 

• 

J 

FLEX for SWTPc and SSB 

Now owners of Smoke Signal Broad
casting's BFD-68 or LFD disk systems 
can enjoy all the power and convenience 
of the FLEX disk operating system. 
SWTPc MF-68 owners can step up to an 
enhanced version of FLEX. The SWTPc 
MF-68 comes with a version called "mini 
FLEX", while the SWTPc DMAF-1 comes 
with "FLEX 1.0". There are three new 
versions, all identical to FLEX 1.0 except 
for the disk drivers. They are FLEX 1.0 
for the SSB LFD, FLEX 2.0 for the SSB 
BFD-68 and FLEX 2.0 for the SWTPc 
MF-68. The new FLEX's require SK of 
RAM at location $AOOO. This means all 
FLEX based software can now be run on 
a Smoke Signal system. 
Some of FLEX's features are: 

• Simple command structure 
• Dynamic file allocation 
• Automatic space compression 
• Extensive software support 


Enhancements to FLEX 1.0 & 2.0: 

• Full 32K available to user 
• Printer Spooling (requires timer) 
• Random Access files 
• lnpuVOutput file capability 
• File protection and dating 
• More data per disk 

Included are an object code disk with 
FLEX, the utility command set, the TSC 
Text Editing System, and the TSC 
Mnemonic Assembler, the FLEX User's 
Manual, FLEX Advanced Programmer's 
Guide, Text Editor manual, and 
Assembler manual (no source listings 
included). 
FLEX 1.0 for SSB LFD $100.00 
FLEX 2.0 for SSB BFD-68 $ 90.00 
FLEX 2.0 for SWTPc MF-68 $ 75.00 

Jim\Technical Systems 

~~~~4S~,~~~~;N '4'!; 
Spedau.to In Soft,..,. • Honlware fO< Industry • the Hobbyist 
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SORT/ MERGE Package 

This FLEX compatible package allows 
any size and type file to be sorted 
according to parameters you specify. 
Written In 6800 assembly language, it is 
extremely fast. Sort parameters may be 
supplied in three ways: as part of the 
command line, through use of a 
"parameter editor", or through an 
existing parameter file . The package is 
a full-disk sort/merge meaning that files 
too large to fit in memory will be broken 
into multiple, temporary work files which 
are Individually sorted and then merged 
into one. The final output file may be 
routed to disk, CRT, or printer. Features 
Include: 
• Fixed or variable length records 
• Fixed or variable length fields 
• Definable record & field terminators 
• Accepts multiple input files 
• Up to 20 input or output keys 
• Sort key up to 250 characters 
• Ascending or descending keys 
• Right or left justified keys 
• Select/exclude capablllty 
• Non-ASCl I collating sequences 
• Sorts upper case equal to lower 
• Merge-only capability 
Includes extensive user's manual and 
object code diskette. No source listing 
is Included. Specify FLEX 1.0, FLEX 2.0, 
or mini FLEX. 
AP&S-106800 Sort/Merge Package $75.00 

Manual Only $15.00 

FLEX Software 

TSC plans full support of the FLEX disk 
operating system. Several software 
packages are already available as listed 
below. Watch our ads for FLEX 
compiler BASIC available soon! 

TSC Text Processing System 
SL68-29D with Mini FLEX disk $ 40.00 
SL68-29F1 with FLEX 1.0 disk $ 75.00 
SL68-29F2 with FLEX 2.0 disk $ 65.00 

TSC 6800 Debug Package 
SL68-30D with Mini FLEX disk $ 43.00 
SL68-30F1 with FLEX 1.0 disk $ 55.00 
SL68-30F2 with FLEX 2.0 disk $ 50.00 

36 Additional Disk Utlllty Commands 
UV1-6D with Mini FLEX disk $ 99.95 
UV1-6F1 with FLEX 1.0 disk $124.95 
UV1-6F2 with FLEX 2.0 disk $119.00 

FLEX Newsletter 
Published irregularly (about 4 per year) 
with latest news, hints, and user 
feedback . $4.00 for four issues. 

All orders should Include check or 
money order. Add 3% for postage (8% 
foreign) and tor orders under $10, 
please add $1 handling. Send 25¢ for a 
complete software catalog . 
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Photo 2: Most o f the cir
cuitry is assembled on the 
large printed circuit board 
shown. This includes the 
luyboard and po wer 
supply. 

with breaks in between. Also use a good, 
hot, sharp pe ncil iron and very thi n, qual ity 
so lder. Eutectic is best, but 60/40 solder will 
do about as wel l. Very little solder is needed, 
an d you have to be careful that the adjoining 
pads aren't shorted because of the close 
spac ing. Note that the iron tip should touch 
the plated through pad on the board, not 
just the socket lead. This forces the solder to 
wick into the hole rather than balling up on 
the lead, which can hide a bad joint. 

After al l the sockets have been soldered 
in place, and then carefu ll y checked the next 
day, it's time to start on the other compo
nents. Everything in the kit, except the pre
mounted parts I mentioned before, is 
mounted on one large circuit board. Even 
th e keyboard is mounted on the board, 
wh ich is of high quality glass epoxy. 

The miscellaneous components cause Lhe 
on ly real prob lems in the kit. Some of them 
are not wel l identified, mak in g place ment a 
bit confusing at times. Component locations 
are silk-screened on the circuit board, an d 
rough diagrams are included in the instruc
tions, but I 'I I admit that I had to scratch my 
head more than once. A few of the board 
notations are wrong: 1 instead of 0.1 and 
10 instead of 10 k. But they we ren't too 
hard to figure out because the components 
are grouped in assembly and because there 
are relatively few discrete components used 
in the termi nal. (I had one capacitor left 
over, by the way . That always irks me, but 
the terminal works so well I surmise that 

there is no need to worry.) 
The next step is to mount the keyboard 

in place. The assembly manual warns you 
not to unpack it until you're ready to mo un t 
it in place, since the terminals are very deli
cate and easy to bend. Unfortunate ly, like 
everyone else who gets the kit, I had to take 
the keyboard out and poke at the keys, and 
sure enough, I bent the terminals. I did not 
enjoy straightening them over and over until 
they we re li ned up perfectly, but I final ly 
got the keyboard in place. So take their ad
vice and don't unpack the keyboard until 
needed. 

After the keyboard, the sockets and al I 
the other components are soldered in place, 
but before the integrated ci rcuits are in
stalled in their sockets, the power supp ly 
voltages mu st be checked - then you turn 
off the power and install the components. 
This is likely the onl y pl ace you'l l need to 
use an electro ni c test instrument. Believe 
it or not, this was a long and ted ious job. 
Note that only the suffixes of the devices 
are shown and by the way, the 9LS04 or 
N74 LS04 was labeled LS04 in my kit. 

The tricky part, however, is seating the 
components without bendi ng the leads, miss
ing the holes or puncturi ng you r thumb . The 
devices fro m different man ufacturers are 
made with different materials, wh ich also 
complicates th ings since the best technique 
for the stiff National integrated circuit 
leads doesn't work best for soft Signetics de
vices. A good method is to seat one row, 
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Ever_J.body:s making money 
sellin~ microcomputers.

Somebody sg~ing to make money
serv1c1ng them. 

New NRI Home Study Course Shows You How to Make Money Servicing, Repairing, 
and Progranuning Personal and Small Business Computers 

Seems like everytime you tum around, some
body comes along with a new computer for 
home or businl'$ use.And they're being gobbled 
up to handle thing;; like payrolls, biUing, inven
tory, and other jobs for businesses of ever)' 
siz.e...to perform household functions like 
budgeting, environmental systems control, 
indexing recipes, and more. 

Growing Demand for 

Computer Technicians .. . 

Learn in Your SpareTime 


Even before the microprocessor burst 
upon tl1e scene, the U.S. Department of Labor 
forecast over a !00%increase in job opening<; for 
the decade through 1985. Most of them new 
jobs created by the expanding world of the 
computer. NRI can train youat home to service 
both microcomputers and their big brothers. 
Train you at your convenience, with clear!)• 
written "bite-sire'' lessons that you do evening<; 
or weekends without quitting your present job. 
Assemble Your Own Microcomputer 

NRI training includes practical experi
ence. You start \\1th meaningful eiq>eriments 
building and studying circuits on the NRI transceiver.. .TV/Audio/Video S)~tems Servicing 
Discovery Lab~ Then you build your own with trai ning on the onlydesigned-for-learning 
test instruments Like a transistorized volt-ohm 25" diagonal color TV with state-of-the-art 

kind of "hands-on" training you need tometer, CMOS digital frequencycounter... equip computer programming. With more than a 
repair and serviceunits now on the market.ment you learn on, use later in your work. million students since 1914, NRI knows how 

And you build your own microcomput Mail Coupon for Free Catalog to giveyou tlie most in home training for new 
er, the only one designed for learning. It looks No Salesman Will Call opportunity. If coupon has been removed, 
and operates like tl1e finest of its kind, actually Send todayfor our 100-page, fuU  write to NRI Schools, 3939 Wisconsin Ave., 
does more than manycommercial units. But color catalog. It describes NRl's new Mi  Washington, D.C. 20016. 

NRI engineers have designed components and crocomputer Tuchnology course in detail , 

planned assembly so it demonstrates important shows all equipment, kits , and lesson plans. RUSH FOR FREE CATALOG 


Andit also tells aboutprinciples, gives you working experience in 

detecting and correcting problems. It's the other NRI courses ... 


Complete Communi
cations with 2-meter 

D Comrm1cr ~: 1 cc lrot1ics l ndudln~ D lllglial Electronics • Elec1ronlc 
Microcompulcrs Tuchnology • Basic Electronics 

0 'IV/Audlo/ l'ltleo S)'Slems Servicing D Small Engine Rtpair 
D Comple1e Communlc:ilions F. lemonlcs D Electrical Appliance Smiclng 

Wilh en • FCC l.lcenses • Aircrafl , D Au1omot i1·e Mechanics 
Mobile. M:irinc F.lec1ronics D Allio Air Condi1ioning 

0 CU SpecialisLS Course D Air Condilioning, Refriger.itlon, & Heali ng 
D Amaicur lladio • Basic and Advanced Including Salar Tuchnologi· 

(Pl..,. Pnnl) ~ge 

Strett 

C i~·/Sl>lf(lip 

Accredlled b)· the Accredlling Commission of the ~a1ion:d llomc StudyCouncil 
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HERE IS THE LATEST AND BEST IN 

8080Z80 DISK SOFTWARE 


CP M'" FOOS and U11h1 ies From $1'15 Xiran Package AJ• $409 
Microsoh FORTRAN-80 S•lOO Mrcropro SUPER ·SOHT' S250 
Microsofl COBOL 80 $625 Mnopro WOHD MASTER' $150 
Microsoll Disk Ex1ended BASIC S:llXJ SOURCE Disk Based DiSilssembler $70 
Micro:;of1 MACR0-80 MACRO Assembler I.inker Loader $149 ZASM Zilo~· · Mnemonic Assembler $45 
M1nosoll MACRO 80 (as above) w Subroullne L1brM\; $21'1 XY BASIC Process Conrrol L<111guage $295 
M.:rosol1 EDIT l!O Liile Ed11or $ll9 Ex1e11dPd XY BASIC $395 
WHATSIT'" Da1a Bas.- Qu"r>• Sys1em Sl25 SMAL 80 S1ruc1ured Macro Assembler Lmguage S75 
X11,111 VDB BASIC $99 CBASIC Compiler ln1crprerer BASIC $95 
X11an SUPER BASIC $99 MAC Mdcro A.sembler $100 
X11an DISK BASIC $159 SID S>mbohc lns1rur1 ion Debugger $85 
Xiran Z TEL T ex1Edrror (A1 . A:J'i $69 TEX Texl Formairer $85 
X11a11 Tt!XI Ourpur Processor (A3. AJ•J Nor Sold Separarely Gmeral Ledger $995 
X11,,n M,1no ASSEMBLER !Al. A3•J $69 Acrnunls H,•,·e1vable $750 
X11an Z BUG (A3'1 $89 NAD Nanw & Addre ·s Processor S79 
X11an LINK R (A3'1 $69 QSORT Disk File Sari Merge U11li1y $95 

$2<19 

M ost softwar e available in a var iety of diskette formats incl uding: IBM 8" single and 
double density; North Star CP/ M; M icropolis CP/ M; and 5" soft sectored. 

Now available: the above so ftware on Processor T ech H el ios II ; Al ta ir D isk; and 
iCOM M icrodisk systems. A ll Li feboat software requ ires CP/M to operate. 

LIFEBOAT ASSOCIATES 

164 W. 83rd Street 0 New York, N .Y. I 0024 0 (212) 580·0082 

then use a plastic credit ca1·d to l'or·cc the 
other row in line. I broke one lead and very 
qu ickly soldered on a rep lacement, but 1'm 
sure National Semiconductor would shudder 
at the thought. 

Empty Sockets 

Depending on the options you buy, 
empty sockets may be left after you've i 11

stalled al l integrated circuits provided. Herc 
again, the instructions are a bit cavalier, but 
you can figure out which ones should be 
vacant without much trouble. One position 
has holes drilled for a socket, but no connec
tions to the pads, and sockets are provided 
for devices even if they aren't included. This 
simplifies installation of optional features at 
a later time. 

One major opt ion is 24 lines disp layed on 
the screen in stead of 12. This calls for six 
additional 1 K byte memory circu its and 
throwing a switch. Another option is lower 
case letters as well as capitals. This calls for a 
special character generator plus two more 
memo ry devices. Th is character generator, 
incidentall y, is the only proprietary circuit 
in the term ina l. All othe1·s are standa1·d parts 
that are widely available. 

The last impor-tant step in buildi ng the 

termina l is turn ing on the power with al l 
components in the ir sockets and the monitor 
connected . I was amazed to find that the ter
minal worked the first time I threw the 
switch. The surprise was no reflection on 
Lear Siegler, but because of doubts about 
my craftsmansh ip. After setting the internal 
switches for use with your computer, fina l 
assembly consists of simply closing the case 
and installing two screws. 

The te rmin al works perfectly with my 
computer (presently a PACER using the 16 
bit National PACE microprocessor). I didn't 
have to do any troubleshooting, but the 
comprehensive manual ought to take care of 
that if the unit shoul d ever need repair. Lear 
Siegler doesn't service kits, but computer 
dealers should have facilities for repair. 

In retrospect, the only hitches I encoun
tered in bu il ding the termina l (other than 
the minor problems in component identifica
tion and location) were caused by not fol
lowing instructions. A wo rd to the wise, 
then, is to follow instructions. My total 
working time was about 12 hours; Lear Sieg
ler suggests 20 as typical, an d that wo ul d 
likely be true for someone with less experi
ence. I'm very pleased with the terminal, and 
I think the work of building it was worth
while.• 
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What this country naads 

is a goad 58000 small businass computer. 

We agree! Now for less than $8000, you can purchase an 
Ohio Scientific small business computer system com
plete with software packages tor Account ing, Information 
Management and Word Processing. Here are the system's 
capabilities In detail: 

Accounting: Supports accounts receivable, payables, 
cash receipts and disbursements, general ledger, balance 
sheet, P & L statement , payroll , inventory and order entry 
tor small businesses. 

Information Management: Stores any collection of 
information in disk files via a Data Base Manager. Can 
instantly retrieve information , generate lists, reports and 
mail ing labels from this data as well as perform 
statistical analysis. All without any additional software. 
An optional "Query" system can answer conventional 
" English" questions pertinent to information in the 
system asked by untrained office users. 

Word Processing: Can handle letters, reports and 
manuscripts. Uses totally electronic editing with disk file 
storage. Has character and line Edit , Find , Change, 
Delete, Transfer, Duplicate and Append capabilities. On 
output , it has text justification, proportional spacing , 
hyphenation and many more features . 

Circle 290 on inqu iry card. 

Yes, an under $8000 Oh io Scientific small business 
system includes all this software as well as 48K bytes 
of 180 nanosecond main memory, dual 8" floppy disk 
drives for 600K bytes of disk storage, a 1920 character 
upper/lower case CRT terminal, a 132 column tractor feed 
line printer, and the programming language BASIC for 
user generated programs if desired. And the system 
doesn't stop here, it has the performance and modular 
construction for growth with your use. The system can be 
expanded to nearly one million bytes of main memory, 80 
megabytes of disk storage and 16 users {time share 
configuration), or it can be connected to a network of 
other small computers (distributed processing configura
tion). Numerous optional systems and applications soft
ware packages are available including the programming 
languages FORTRAN and COBOL and applicat ions soft
ware for specific businesses. 

Ohio Scientific small business systems are sold, 
leased and serviced nationwide by a network of business 
system dealers. Call or write to arrange a demonstration 
with your local dealer. 

1111 lllE•TIFll 

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101 
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we want our ill"m to perfo rn1 . For indus
tr ial ro bo ts there seem to be basic choices 
of 5 or 6 foo t arm s usi ng hydraulics , 4 foo t 
arms usi ng large servo motors , or 1 to 2 foo t 
arms using smal l high performance elecLric 
moto r·s. The hobbyi st ar m will probably be 
of the last ty pe. O f course th is relat ionsh ip 
is by no means un yie ld ing; novel de igns 
or al t erna t ive motors (such as chem ica l 
muscles) might change these t rade-offs 
su bstantia ll y. 

Have we defined an arm so smal l tha t i t 
would be unin ter·est i ng? By no m eans 
there ar-e po tential ly in te r·esti ng appl ica· 
l ions for al l sizes of arms. In f ie lds such as 
rnicrosu r·gery o r· in the asse mbly of minute 
electron ic part s, a brea k through in small 
robots cou ld prove invaluable . 

T he ho bby ist arm is not like ly to be at 
the forefront of a new technology, yet 

Keith Baxter 
215 Dwight St 

New Haven CT 06511 

T imothy Daly 

17 Treetop Ct 
Bloomingdale NJ 07403 

There is <1 need for a hobby isl rnbot arm 
- a compu ter control led mani pu lator· for the 
small sys tem owner _ The criLer·ion fo r such 
an arm is Lhal it be comp;n ablc in pr ice 
to oLher comp ute r· pcri ph cr·;tls and th at iL 
be su fficicnLly versa t i le Lo orfe r· ex peri 
mcntc r·s an ex pans ive veh icle f'o r thei r 
imagina t ions. One of us (Keith) hzis a work
ing pro to ty pe w hi ch is dc<;crib cd in th is 
<Hl icle. 

How big and powerful ea rl we expect 
suc h a ho bby ist arm to be? There is a rough 
corre lation bet wee n size and expense , o 
we can expect iL Lo be sm all. How small 
depends o n the stre ngth of our mo tors 
(not neccssa r·il y electric) , how f.1SL we 
expec t the arm Lo move, an d how m uch 
we ight we expec t i t Lo cai-ry . T he specific 
trade-offs between speed , suength, and 
reach wil I be determ ined by the tas ks 

A Hobbyist Robot Arm 


i t can prov ide a mechan ism through w hich 
the ex perimen ter· migh t in vestigate the 
pri nciples of robotics . Thi s article describes 
a particular ap proach to th e design and 
cons tru ctio n o f one such arm . I t is hoped 
that the resul t wi l l se r· vc as a start ing po int 
fOI" subseque nt ro bot arm designs and as a 
reference poin l in the discussion 0 rmechan
ical man ipu lators fo r· th e ex per imenter. 

T he des ign const rai n ts are to: 

• 	 Con ist of r·cadily ava ilable parts. 
• 	 Require a mi ni mum of speci al tools 

o r sk il ls to assemble. 
• 	 Be inexpens ive to assemb le. 
• 	 Possess the st r·ength to li f t p lay ing 

pieces (eg: chessmen, Monopo ly pawns 
or checkers) . 

• 	 Prnv ide a r·eadou t o f the posi t ion of 
each joi n t. 

• 	 Be easy to repa ir. 

T he bas ic mechanical framework of 
the arm is a major stumbl ing block . Ti m 's 
ap proach to the problem was Lo buy a 
joi n ted lamp (l uxolamp). It provides six 
readi ly avai l, ble axes that need o nly be 
motor ized. T her-e is no inte r-actio n between 
Lh e jo ints (mov ing one joint wil l not cause 
ano ther to move) . IL is reasona bl y i nex pen

Photo 7: The robot arm mo ving a chess piece on a board. Th is photo shows si ve (abou t $20) and uni ve rsa lly ava i lable. 
ho w th e arm can grasp one piece on the board without disturbing any of the Th e hobby ist arm must al so perform ade
surrounding pieces. (Photo by john W Baxter.) quately to be useful in a spec i f ic ap pl ica ti on. 
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Moving chess pieces on a chessboard was 
chosen, since it offers a simple task in a 
rectangular coordinate system requiring 
the arm to move pieces in an obstructed 
space. 

This task helped define the necessary 
axes of the machine. An axis is a 101 nt: 
either rotational, as in an elbow or wrist, 
or prismatic, as in a telescope tube . 

Three axes are suffic ient to allow an arm 
to touch any unobstructed point within 
the limits of its reach. If points ar·e per
mitted to be obstructed from cer tain d irec
tio n or if the wrist must main tain a fixed 
angle with respect to the real world , more 
axes arc needed . In the case of a chess play
ing robot it is desirable to lift pieces verti
ca lly without knocking down surro unding 
pieces. For th is reason, three axes are not 
sufficien t. 

In general, to reach any position in space 
with any orie ntatio n of a part in a hand, 
six degrees of freedo m are necessa ry. It turns 
out th at six degrees are <1lso uff icient for 
all tasks req uiring positioning. However, 
the imp lementation of a six th axis is usually 
more trouble than it is worth . 

Five axes were chosen in th is des ign to 
provide additiona l flexibil ity in roughly 
the same configuration as the human arm: 
rotation abou t the waist, shoulder, elbow, 
wrist , and rotatio n along the wrist. This 
config uration al lows an easy visua liza t ion 
of the arm's capa biliti es because it is sim
ilar to one's own arm. 

One fina l word about the facto rs that 
shaped the design : the motors one uses 
define the working li mits o f the arm to 
a great extent. If th e motors can deliver 
10 ounce-inches of torque at o ne revolu
tion per minute (very respectab le for most 
common smal l geared moto rs). the working 
weight at the end of a foot long arm would 
be less than 1 ounce - provid ing the weight 
of the arm itself is kep t to a bare min imum. 
Clear-ly, one would prefer under circ um 
stances like this to avoid mounting the 
motors on the arm so th at th ey have to 
I ift themselves. For this reaso n we mounted 
the motors behind the arm. Thei r torque 
is transmitted Lo the joi nts by means of 
concen tr ic pul leys and rubber belts . 

The fra mework of the arm is co nstructed 

CONCENTRIC BRASS TUBING 

SUPPORT PILLAR /.-----,,.'.........., 


0 

DR I VE MOTOR PULLEY LOCATIONS 

DR IVE MOTOR SUPPORT PLATE 

112" SUPPORT SHAFT 

SUPPORT SHAFT MOUNTING BRACKET 

3/4 " --J r
5"----~--------B " 

2"--1 I "I r::::E:'32
3/4 "-1 > i-.. 
k I i I 

"TU BING__/ 

. > 

OPTIONAL PULLEYS
FOR POSI TION 
FEEDBACK .. " > 

L1:2.. J 
4 " 

Figure 7: A design sl?etch 
of the hobby arm. The

of Lhin-wa lled brass tubing purchased from main structure of the arm 
a local hobby sto r·e_ Thi tub ing comes in is brass tubing. Th e pulleys 
square or rnund cross-section and sho ul d are constructed from Plex
prove highly useful to the begi nner em

iglas. The hand is made of
ba rk ing o n an origi nal des ig n. Consecutive sheet aluminum and acti
sizes differ in radius by their wall thickness 

11ated by a solenoid
and hence slide smoothly in to each other 

mounted on the arm. All
with very I ill le play. Th is characte ristic 

of the driving motors for 
is made USC or in the shafts ror the co n

the arm are mounted oncentric pu ll eys transmitting th e torque 
the base plate of theof the motors along the arm . Lengths of 
assembly.th e tubi ng are also used for the struts of 

the arms. Th e br·ass , in tubular form, is very 
rigid : though heavier than other materials, 
it makes up fo r· its we igh t in the ease with 
which it may be faste ned to other bits of 
tubing by so ld ering. To make a joint, the 
end of Lhe tu be is riled to fit smoothly, 
without gaps, against the radius of the 
pul ley shaft bearing. Fm Lh e i int to be 
stro ng, th e solder must not have to bri dge 
gaps between the brass sur faces, but shou ld 
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be drawn in by ca pill ary ac tion when the 
joint is hea ted. 

The pulleys arc cut from clear plast ic 
(Plexig las) purch ased as sc rap from a glass 
shop. The edges of the pullrys can be turned 
and given a groove w ith a smal l lathe, though 
the sa me job might be done somewhat less 
accurately with a ha11d fil e. The l,1rgest 
pulley at each joi nt is fas tened to the st rut 
of that joint and provides tOl"quc for that 
axis or th e Mill. The sm.i ll cr pull eys arc 
double-grooved and serve merely to u-.msmit 
torque ft1rth er along the arm to the o ther 
axes. The size of each pulley corresponds 
approxima tel y to th e amou nt of torque 
for that particular <1xis. The larger pu ll eys 
prov ide an c l"fecli ve reducti on in speed 
from the motor pulleys and provid e <l large 
surface to prevent bel t slipp~1ge. 

The rubber belts arc clear neoprene 
w ith nyl on cores. The belting rn aLcri <i l 
may be purch ased under the name of 0-ring 
cord. The cord is cut Lo length ,111d the ends 
joi ned by melt ing them in a flame and push
ing them toget her. This method yie lds a 
remark<1bly strn11g jo int. 

The support pillar for the shou lder join t 
is mach ined out or a block o r ,il uminum. 
An alt ernative is to make it out or l~tm i na tc d 

scraps or Plexigl as. In th is CJSC th e 111 oto1· 
su pport pl ate m ay also be made of Plex iglas 
and glu ed, instead of sc rewed, to 1he su pport 
pi llar. The concentric br·ass tubing which 
forms the pulley shafts ror the should er 
ax is is exte nd ed lo provide a pl ace for 
pull eys to be used fo r· posi Lion feedback 
potentiometers if a closed loop sc r·vosystcm 
is desired. 

The waist axis is mounted on a singl e 
steel ball resting on I.op of the suppo n 
shaft about which it pivots. A pu ll ey 
fas tened to the suppon shaft is d1·ivcn by 
a molar facing down through th e motor 
support plate to prnvicl c rotat ion ;1bout 
the wais t. 

The motors used in th is version of the 
arm are AC synchronous bid ircc Lional 
t1m1ng motors. They are inexpensive ($4), 
though lheir power is near the minimum 
neces ary fo r adequate performance. Power 
is app lied to the wind ings wilh a 90° phase 
d ifference . Th is is acco mpl ished by the 
use of a series capacitor. Shorting this 
capac ito r causes the motor to lock, provid
ing a brake Lo hold an indiv idu al axi stil l 
whil e other are moving. 

The fingers are cul from t hin alu minum 
sheet and make use of' a sm al 1 solenoid 
with an alnico magnet plunger Lo <1c tuate 
them . The wires arc looped down the arm 
struts externa lly . 

The ent ire arm is mount ed on a ·1 inch 

pine block with the wires from the motors 
term inat ing on a barrier strip along the back 
edge where an interface to a computer or a 
simple sw itch box may be connected . The 
plate that the motors re t on is mounted 
off-center so the arm has a greater over
hang and therefore the largest possible 
unobstructed reach. The support shaft 
mount ing bracket is mounted against th e 
front edge of the pine block . 

The smal l pull eys for the drive motors 
are epoxied directly to the motor shafts. 
If a method could be devised to allo\ 
these pu l leys to be removable, it would 
facilit,1tc experimentation with th e dr ive 
rat ios. In the presen t des ign, the arm nuy be 
d isassembled clown Lo the individual pulleys 
and struts unl ess the feedback pulleys have 
been installed, in wh ich case the shoulder 
pull eys and th e support pill ar become an 
integral part. 

The arm is capab le of lifti ng a 1/2 o unce 
and pos iti oning it to with in a 1/2 inch 
r·adius. Dr ill ing out th e extra material 
from the co ncentr ic pulleys and counLCl'
wcight ing the upper arm shou ld improve 
the l i fting power somewhat. 

T he interilction of the joi nts (how the 
mo vement of one joint affects Lhe posi ti on 
of the other joi nt ) may be ca lcu lated and 
removed i f the arm is to be cornputer
co nt rol led. The interaction is such that 
joints further out from the joi nt being 
moved maintain the same angul ar orie nta· 
Lion in space. Thu s, if the hand is in itia lly 
vert ica l to the plane of the table and the 
shoulder joi nt is moved , al the conclusion 
of the mot ion th e hand is sti ll vertical. 
There is no interact ion from the waist axis 
or the wrist swivel axis, though wrist swive l 
is acted upon by the previous axes. For thi s 
const,rnt angle effect to apply , the init ia l 
and final pu l ley for a joint must be of 
the s,unc size. In prac t ice it is desirable 
to mai ntain a uniform radius for the pulleys 
of a specific axis in order not to unneces
sa r ily lim it Lhe torque li«tnsm itted because 
o f slippage on a smaller pu lley. 

As w ith many types of design, th is f irst 
working model sugge ted a number· of' 
areas of possib le improvement. The fir·s t 
area is the motors. More power ful motors 
would be better, and at th is point li kely 
cand idates arc smal l stepping motors. 
Their· price is high but they offer i rn pres
sive torques along with the possibility of 
open loop control and straightforward inter
face hardware. 

The elasticity of the belts, though small , 
offers .tnother area where some add i tion al 
thought might prove reward ing. A number 
of manufacturers sel l small toothed belts 
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TI-IIS IS YOUR CHANCE TO STOCK ONLY WHAT YOU NEED 

FOR1HEFAST-GROWING FOTO SKETCH BUSINESS 


Buy wholesale atspecial prices!Now, from the country's largest supplier ofcomputer portrait systems, you can 
purchase a complete system or only those components you need. Since a complete system normally retails for 
$12,500, the savings are tremendous! These prices are in effect only until March 15, 1979, so stock now for the 
Spring market. 

NOW ... THE CYGNUS COMPUTER 
Ill • 

1 

IS AVAILABLE BY ITSELF! 

•Model 400 
• Extremely reliable 
•Compact, rugged 
• Full 1 year warranty 

Reg: $5,000 

Sale Price: $2,660 

Sale Price: $3,295
Charcoal Adapter for printer 
also available at $250 

• • • AND YOU CAN INTERFACE Wl11I 
A FLORIDA DATA PB600, A 
PRINTRONICS 

..... .. 

ORA 
CENTRONICS 
102BL PRINTER. 
TOMAKEmlS 
TYPE OF 
PICllJRE

:r:;; 

p 

PB 600 PRINTER 

Reg: $5,595 

"' " ' "" " 1Ut 1 L "11" 

Panasonic TV Monitors 

9" Screen - $250 
19" Screen - $375 

Panasonic VlOOO 
Camera • • • . . • . . . • $350 

Knight Economatic Zoom Lens • . • • • • • $285 
Heat Transfer Press Tripod ........... $ 50 
Reg:$595 

Al l orders shipped F.O.B. our warehouse. Mass. residents 
Sale Price: $475 add 5% Sales Tax. For more information, call or wri te 

FOTO-FUN, INC.• Corporate Offices: 

189 Dean Street, Raynham, Massachusetts 02767 

Telephone: (617) 823-7781 •Warehouse: Stoughton, Mass.
=llF 
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that woul d perm i t higher to rqL1 es, w ith an 
increase in the w rn plexi ty o f the pull eys. 
Perhap Lhe sim pl er solu t io n of doubli ng 
up the pulleys m ight b th e <1 nswer. 

A rnore powerful gri p in th e fi ngers 
wi thout making them too heavy (os a 
bigge r o \eno id impl ie) would be <Jno th er 
use fu l improvement. Perhaps an additio nal 
set o f belt wou ld wor k in th is c<Jse also, 
wi th a gripper motm 0 11 Lhc 111 o to1· uppm L 

plate. 

Using the Arm 

Eventu <J ll y th e ar rn wi ll be con nec ted to a 
m icrnprnccsso r . There Me L wo met hods of 
control l ing the irm . The f i1·s t is open loop ; 
the seco nd is closed loop. 

Open loop on tro l require ,1 co111111c1 ncl 
from Lhe co mpu ter that te lls e;1ch axis 
where Lo 	go . I1 is assL11n ed tha L th e axes in 
fact reach th ese loca tions. The number of 
turns eac h drivi ng molm t<1kes to posi t ion 
its axis is cl Lermin cd th rough ct minor reecl
back loop arou nd the mo tors, or, in the 
case o f ste pp ing mo tor , by co un ti ng Lh · 
number of step com mands is ued. Thi. is 
the lea t 	 ex pensive method but i t requires 
h igh accuracy in Lhe arm. 

Going d:::/:t :·/ overthe 
quality of your printing? 
Be SELECTRIC®in the future. 
Any microcomputer can interface with any model 
IBM SELECTRIC~ 

Prices• 	 S-100 $496.00 

Parallel $525.00 

RS-232 $549 .00 

IEEE-488 $560 .00 


All prices include mechanical assembly, elec

tronics, cables and manuals. 


Units tested and assembled . 

*Prices valid in USA only. 

[I 
Escon Products, Inc. 

171 Mayhew Way, Suite 204, 
Pleasant Hill, CA 94523 
(415) 935-4590 

With closed loop co ntro l th e po iti n 
of the arm is mon itored by the u e of fcecl 
b.tck po tentio meters return ing a voltage 
proporti o nal Lo the posit ion of the arm. 
Th is vo ltage is subtracted from a posi t ion 
vol t age produ ced by Lh e comput er and the 
d i f ·erencc is used to dr ive the mo to rs. 
Wh en the signa ls match, the di Ference 
zero and the motors stop. In general , feed 
back tend s to cover a m ultitude of mechan
ical ins. Accuracy in posi t ioning wi th this 
method depends on the l inear i ty o f the 
feedback pote ntiometers. For th is reaso n 
industrial arms o ften use opt ica l encoders 
instead o f po tenti ometer for feedbac k 
ignals. A n opt ical encoder prod uces a 

d igit, I output by means o f a series of light 
bea ms and photo cl el ccto rs int errup ted by 
a ro tat ing disk which selecti ely Lrans
mi t o r blocks the l ight depend ing o :-i i ts 
positio n. Such encoders cos t several hun 
dred dollars. A chall enge Lo rea ders would 
be to come up w ith a ca led-clown version 
o f the c to use wi th a hobby ist arm. 

Compu ter co ntrol al lows ve loci t y ,i ncl 
acce lerat ion informatio n Lo be used to 
ob t ,1i n berter con t rol of Lh e dynamic of the 
arm . Nonl inear feedback po tent iometers c,1n 
be com pensa ted fo r by usi ng co 1-recti on 
looku p tab le . Interac t ion of joints can ;i lso 
be removed . Finally, th e computer can be 
used Lo write programs for a higher level 
mani pulator language where mac hine com 
mand such as mo i'e axis are replaced wi th 
co mmands such a mo ll£' hand fro m A to H 
in a straight line. Herein l ies th e fu tu re 
of robo t manipul ator .• 

REFERENCE 

Pieper , Donald L , "The Kinematics of M an ipu 
la tors Under Computer Control ," October 24 
1968 , CS116 Al 72, Com pu ter Science Dept, 
Stanford Un iversity . 

Sources of par ts for the builder 
of sma ll manipulators 

0 -r ings (nylon-core, clear neoprene) : 
Win fred M Berg Inc 
POB B 
499 Ocean Av 
East Rockaway NY 11518 
(516) 599-5010 

Min iatu re t iming bel ts and pulleys: 
Stock Drive Products 
55 S Denton Av 
New Hyde Par k NY 11040 
(516) 328-3300 

Smal l motors: 
North American Phi li ps Controls Corp 
POB 768 

Cheshire CT 06410 

(203 ) 272-0301 
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the $988 Surprise • • • 

If you haven't looked carefully 
at the Level-II 16K TRS-80, 
you're in for a big surprise! 
Level-II BASIC gives TRS-80 
advanced features like com
prehensive string handling, 
multi-dimension arrays, 
multi-letter variable names, 
named cassecce files, full edit
ing, integer arithmetic, 
single (6-digic) and double 
(16-digic) precision arithme
tic, formatted printing, 
memory-mapped video (print 
direccly at any of 1024 screen 
positions), 128x48 video 
graphics (may be intermixed 
with text), error crapping, auto 
line numbering, TRACE, 
PEEK and POKE ... to name 
just a few. Because Level-II is 
in ROM, TRS-80 powers-up 
ready to go with the full 16K 
RAM available for your use. 

This means TRS-80's memory 
is equivalent to a 28K RAM
based system. 
New for 1979-TRS-80's 
numeric (calculator) keypad 
included on every 16K com
puter, and avai lable as an 
add-on for present owners. 

TRS-80's modular design 
allows easy expansion. Add 
up to 48K RAM, Expansion 
Interface, printers, 1 to 4 
Mini-Disks, RS232C, tele
phone acoustic couplers, 
Voice Synthesizer, dual cas
sette recorders, our System 
Desk and Primer Stand. Sur
prisingly, these are nor prom
ises of things to come, bur real 
produces being delivered right 
now. Software from games to 
General Ledger are available, 
wich more cassette and disk 
software being added 
monthly. 

Radio Shack's 58 years of con
sumer electronics leadership, 
our 50 regional repair centers 
(growing to 100 this year), our 
new Radio Shack computer 
centers, and our NYSE-lisced 
billion-dollar parent, Tandy 
Corporation, insure rhac cus
tomer support is always avail
able right where it should 
be-locally. 

So if you haven't seriously 
looked at TRS-80 yet, ask 
your local Radio Shack for our 
new 20-page fact-filled catalog 
and be prepared for a $988 
surprise. Surprising power
feacures- price-support! 
Level-II 16K systems include 
everything pictured, plus the 
manual. Better co be surprised 
now ... before you choose 
the wrong microcomputer 
system. 

16KAvailable RAM 
12K Level-II BASIC in ROM 
Full-Size 'fypewriter Keyboard 
U.L. Listed, Portable 
Complete .•. Pl'l!g in and Use 
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Photo I : Exploded 11iew of 
a permanent magnet step
per motor. The rotor has 
gear-like leelh on the 
ends of the magnet, mul?ing 
one hub north and the 
other south . The stator 
also has a set of teeth 
machined on its surface 
(photo courtesy of Sup
erior Electric}. 

Paul Giacom o 

51 Farm ington Chase 

Farm ington CT 06032 

A Stepping Motor Primer 

Part 1: Theory of Operation 

Introduction 

Many times the computer" expe1·imenter 
would like to contro l the movement of some 
object by the compu ter, but servomotor 
systems arc either too complicated or 
expensive. An alte rn at ive ap proach is to use 
a stepping motor, which in many cases is 
simpler in design and cheaper. 

The only major prob lem with stepping 
moto rs is un de1·s tandi11g how they work and 
how to drive them efficiently. This <1rt icl c 
describes what stepping motors arc and how 
to use them. Si nce most app lications involve 
the use of either the pern1anent magnet or 
variab le reluctance type of stepp in g motor, 
the article concentrntes on these two types. 
They can vary from a li ght duty stepper the 
size of a quarte r to an eight inch di ameter 
(.64 to .32 cm) , one horsepower motor. 

What ls a Stepper Motor? 

A stepping moto1· is a motor posse sing 
the ab il ity Lo rotate in either direction as 
wel l as stop and start al vai- ious mechanical 
rotational positions, and whose shaft (rotor) 
moves in preci se angular increments for each 
in put excita tion change or step. The dis

placement is repeated for each inpu t step 
command. The result of this type of move
ment is the motor's abi lity to accurately 
position the roto r in a known repeatable 
direct ion. 

The stepper motor all ows control of 
position, velocity, di stance and direction . 
Because each step moves the shaft to a known 
posit ion, the only shaft pos ition errnr (re
gardless of distance or directio n of move
ment) will amount to the single step accu
racy. This accuracy is general ly 5 percent of 
one step . Th e number of steps in each rev
olution of the shaft varies, depending on 
the intended application. 

Stepper motors arc typically avai labl e in 
stcps-per-revolu tion sizes of 200, 180, 144, 
72, 24 and 12 steps per revolut ion . This 
gives an incremental shaft angle per step of 
·1.8° , 2.0° , 2.5°, 5.0° , 15° and 30° , 1·cspcc
tive ly. Each mo tor is built for one part icular 
step angle. They may be run at one-half th e 
step angle, but at a reduced to rque. 

Most stepper moto rs arc constructed with 
windings for 2, 3 or 4 phase operation. The 
bifilar wi nding, however, differs in that it 
has twice as many windings as the sta ndard 
type. The advan tage of this type of 111oto1· 
is that it gives better hi gh speed performance 
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GLOSSARY OF STEPPING MOTOR TERMS 

Back EMF : voltage generated by the motor that 
opposes the polarity of the voltage applied 
to the motor. EMF (electromotive force) 
increases as the speed of the motor increases 
unti l it causes the motor to lose synchronism. 

Bifilar: special type of permanent magnet motor 
with two windings on each stator pole. The 
advantages : requi res on ly one power supply, 
allows a simpler drive and has higher perfor
mance characterist ics than a standard motor. 
This motor is manufactured by th e Superior 
Electric Company. 

Closed Loop : operating mode in which the 
drive or computer receives a signal from the 
sensor which te lls w hat position th e motor 
or actuator is in and which is used to im
prove control of the system. In all but very 
high performance systems, this form of 
operation is not needed. 

Damping : reduct ion or elimination of oscil
lations or overshoot of the rotor in a move. 
Different types of damping methods used 
include mechanical, electrical and viscous. 

Detent Torque : torque presen t at standstill of a 
permanent magnet stepper motor when the 
motor is turned off. There is no detent 
torque in a variable rel uctance motor. Same 
as residual torque. 

Dr ives : circuitry which contro ls the stepping 
motor. This can include th e power supply. 
control ci rcuits, and output switching 
transistors . 

Half Step : swi tching sequence in which the 
motor is moved half its normal distance 

0 
per step. As an example, a 1 .8 , 200 ste,p 
per revolution motor would become a 0 .9 • 
400 step per revolut ion motor. When run
ning the motor with this type of sequence, 
the average amount of torque is reduced to 
roughly 70 percent of full step operat ion . 
This mode. however, gives a finer resolution. 
less resonance effects, and higher speed 
capabi l i ty . 

Hold ing· or Static Torque : to rque required to 
move the motor shaft f rom standstill 
(zero RPM) position when at rated power. 

Inertia : t endency of an object to resist changes 
in movement by an external force. It is 
expressed in terms of mass X length2 
(ie : ounce-inch2 or kg-m2). 

L/R Time Constant : value used to determine 
how fast current can build up or decay in a 
stepping motor, obtained by dividing the 
inductance in the circuit path by the total 
resistance in that path. 

Moment of Inertia : the inertia of an object 
when rotating about a point. It is given in 
units of mass X length2. 

Open Loop : operating mode of a stepping 
motor in which the position ol the shaft can 
be determined exactly using only the In

. formation sent to the motor. Stepping 
motors have this capability. which makes 
them more attractive than DC servomotors 
in certain applications. 

Pull -In Torque : the maxi mum switching rate at 
which a stepping motor can start running 
from standst i ll . 

Ramping: gradual acceleration and decelera
tion of a stepping motor. Since steppi ng 
motors are limi ted to a given starting speed. 

the motor must be accelerated to maximum 
if it is to ope rate above the pull in torque. 

Residual Torque: the force which ho lds the 
stepping motor shaft at a fixed position 
alter power is turned off, due to the mag
netic attract ion of the rotor teeth to the 
stator teeth. It feels like a "ratcheting" 
movement when the shaft is rotated by 
hand. 

Resonance: the speed range in whic h a stepper 
motor's performance deteriorates. This is 
due to the physical construction and elec
trica l characterist ics of the motor. Various 
techniques can be used to reduce the effect 
of resona nce on the system . 

Rotor : the portion of a motor that rotates. 
Speed -Torque Curve : graphic represe ntation of 

the performance cl1aract eristics of a partic
ular stepping motor and drivers. It usually 
shows the maximum speed/load ratio at 
which the motor is capable of operating. 
This graph is extremely useful when design
ing a stepping motor into a sys tem. 

Start/Stop Without Error : curve found on 
some speed versus torque graphs showing 
the maximum rate at which the motor can 
start or stop without losing steps or falling 
out o f sy nchron ism. This curve is usually 
~1 iven for a negligible load inertia. 

Stator: the stationary part of a motor. 
Step Accuracy: the position accuracy o f a 

stepper motor, commonly given as a per
centage of one step, since there is no accum
u lated error in a step motor. Wh en a fric
tional load is put on the motor, the accu
racy decreases. 

Step Angle or Step: the amou nt of rotation of 
a stepping motor in response to one input 
command, expressed in degrees. Motors are 
made with a fixed step angle. 0 .72 °. 1.8 ', 
2 ' , 2.5 ', 5 ·, 15 ' and 30 ' are typica l sizes. 

Stepping (or Stepper) Motor: a motor pos
sessing the ability to rotate in either direc
tion, and wl1ose shaft moves in precise angu
lar increments for each input excitat ion 
change or step. 

Steps Per Revolution: the number of input 
steps required to rotate the shaft of a motor 
one comp lete revo lut ion . To obtain t he step 
angle of the motor from the steps per rev
olution. divide 360° by the number of steps 
per revolution . 

Torque : force acti ny on an object at a certain 
perpendicular distance away from it, and 
tending to rotate the object. Torque has 
dimensions of force X distance. As an ex
ample, a two ounce force pushing an object 
from a 2 inch (5 cm) rod perpendicular to 
t he force is said to have 4 ounce inches 
(0.0003 kg-m) of torque. 

Torque to Inertia Ratio : ratio obta ined by 
dividing the rated holding torque by the 
inertia of the rotor. The better the ratio, 
the better the performance o f the motor. 

Variable Reluctance Motor: a stepping motor 
that does not have a permanent magnet in 
the rotor. It therefore relies on the wind
ings to create the forces to move the rotor. 
The variable reluctance motor, understand
ably, does not have any residual torque 
when it is turned off. 
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Figure I: Energization se
quence. Alternaling power 
to the windings of the 
stator while changing the 
direction or polarity with 
each step produces move
ment in the motor. Re
versin_q I he sequence 
shown produces move
m ent in the opposite di
rection. See text for a 
detailed description. 

and simplifies the drive needed fm the 
motor. 

Stepper motors arc gc11e 1·a lly contrnlled 
by a DC power supply and drive and logic 
circuitry. The drive provides th e intelligence 
as well as the main key Lo perrorn1ancc of 
th e motor. The degree of complexity of a 
drive can vary from a simple pulse translato1· 
to a high-perform ance unit with automatic 
acceleration and electronic clamping. 

Because th e drive knows the shaft's posi
tion for all but high speed performance 
drives, the system can run in an open loop 
mode (ie: without the need ror l'ccdback 
position potentiomete1·s, encoders or other 
transducers). This reatu1·e makes the stepper 
mo tor a tlrac ti ve ovc r a DC sc rvom o tor 
system, which must be run in a closed loop 
mode. Stepper motors no rmall y ava il ilble are 
limited to less then one horsepower. How
ever, the DC servomotor is available in 
larger power riltings , so it might be the 
choice for heavy duty applicatio ns. 

Permanent Magnet Stepping Motor 

The permanent magnet Stl'pp ing motor's 

basis of operation is taken from a basic 
permanent magnet characteristic : like poles 
repel while unlike pol es attract. The rotor 
of a permanent magnet stepper consists of 
an axiall y-or iented magnet with two geM
like hubs on each end of the magnet, as 
shown in photo 1. The north end of the 
rotor has teeth that are 1so · out of phase 
from the south end. The stator, or stationar·y 
part of the motor, also has teeth, as shown 
in photo 1; but the magnetic poles arc 
generated by the windings. The num bcr 
of teeth on the rotor is different from that 
of the stator, so th at al l the teeth on the 
rotor will neve r be lined up exactly with 
those on the stator. It is this fact that actu
all y creates pred icted movement in the 
rotor, since there is a magnetic attraction 
between the closest stator and rotor tooth. 
Even when the motor is dcpowercd, th e 
permanent magnet motor will hold its 
position, although at a low torque (called 
residua l torque). 

The energization sequence of the wind
ing is fair ly simple. Consider the sou th end 
of a rotor, as shown in figure 1: if pole A 
is energized as a north and pole C is cnN
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Introducing

the simple 


TRS-80 Up-grade 


Fast, easy, guaranteed 
expansion to 16K 
at less than half the 
price of Radio Shack. 

Ithaca Audio makes 
it simple 

No false starts and finding you need 
some little item or special tool. Our Kit 
contains all the parts: 8 prime dynamic 
RAMs and a complete set of preprogrammed 
jumpers. No matter which model you have 
(even if you later purchase Level II software) , 
you're covered. 

Complete Instructions 
Our easy-to-follow directions cut instal

lation time to just minutes. You can do it 
yourself-with no soldering! All you need is 
a household screwdriver. 

100°/o Guarantee 
Like our kit, simple: if a part ever fails, we 

replace it, FREE. For technical assistance call or write to: 

ITHACAAvailable now 
Order from your favorite retailer. If by AUDIO 

chance he hasn't stocked them yet we'll ship Phone: 607 /273-3271 
him your Kit right away. P.O. Box 91 Ithaca, New York 14850 

Only$140 


~ 1978 Ithaca AudioAvailable off-the-shelf at these fine computer dealers. 
AL: BIRMINGHAM: Computer Center, (205) 942·8567. HUNTSVILLE: Computerland, (205) 539-1200. CA; BERKELEY: Byte Shop, (415) 845-6366. EL CERRITO: Compulerland, 
1415) 233-5010. HAYWARD: Compulerland, 1415) 538-8080. LOS ALTOS: Computerland, (415) 941 -8154. MARINA DEL REY: Base 2, (213) 822-4499. MT. VIEW: Digital Dell, 1415) 
961-2670. SAN FRANCISCO: Computerland, (415) 536-1592. SAN JOSE: Electronic Syslems. (408) 226-4064. SAN RAFAEL: Computer Demo Room Inc., (415) 457·9311 . WALNUT 
CREEK: Computerland , (415) 935-6502. DE: NEWARK: Compu1erland, (303) 738-9656. FL: FT. LAUDERDALE: Computer Age, (305) 791 -8080. POMPANO BEACH: Computer Age, 
1305) 496-4999. TAMPA: Micro-computer Systems. (813) 879-4301 . IL: NILES: Compulerland. (312) 967- 1714. OAK LAWN: Compulerland. (312) 422-8080. PEORIA: Compulerland , 
1309) 688-6252 . ICS: OVERLAND PARK: Personal Computer Center, (9t3) 649-5942. WICHITA: Computer Systems Design. (316) 265-1120. KY: LOUISVILLE: Compulerlan d. (502) 
425-6308. MA: CAMBRIDGE: Computer Shop, (617) 661 -2670. MD: ROCKVILLE: Compulerland. (301) 948-7676. Ml: ANN ARBOR: Newman Computer Exchange, (313) 994
3200. ROYAL OAK: Computer Mart. (313) 576-0900. NJ: ANDOVER: Allanlic Microsystems. (201) 549-0189. BUDD LAKE: Computer Lab of New Jersey, (201) 691-1984. CLARK: 
S-100. (201) 382·1318. ISELIN: Compu1er Mart (201) 263-0600. SUCCASUNNA: Computer Hut. 1201) 584-4977. NY: BUFFALO: Compulerland, (716) 636-6511 . ITHACA: Compular
land of Ithaca. (607) 277-4888. JOHNSON CITY: Micro World, (607) 798-9800. NEW YORK CITY: Computer Mart of New York, (212) 686-7923. SVRACUSE: Computer Shop of 
Syracuse Inc., 1315) 446-1284. OH: CINCINNATI : Digital Design. (513) 561-6733. DAYTON: Computer Solutions , (513) 223-2348. OK: OKLAHOMA CITY: Micronics, (405) 942
8152. PA: FRAZER: Personal Computer Corp., (215) 647-8463. STATE COLLEGE: Microcomputer Products Inc., (814) 238-7711 . TN: KNOXVILLE: Eastern Mlcrocompuler. 1615) 
584·6365. TX: AUSTIN : Computerland , (512) 452-5701 . DALLAS: KA Electronic Sales, (214) 634-7670. GARLAND: Digi ta l Research Corp., (214) 271-2461. HOUSTON: Houston 
Computer Mart. (713) 649-4188. UT: OREM: Johnson Computer Electronics. (601) 224-5361 . VA: ALEXANDRIA : Computers Plus, (703) 751-5656. ARLINGTON: Arlington 
Elect ronics Wholesalers. (703) 524-2412 . VT: ESSEX JUNCTION: Computer Mart of Vermont, (802) 679- 1683. CANADA: ONTARIO: MISSISSAUGA: Arisia Microsystems, (416) 
274-6033. TORONTO: Computer Mart Lid.. (416) 484-9708. WINNIPEG: Patrick Computer Systems Inc., (204) 774-1655. WEST GERMANY: MUNICH: ABC Computer Shop, 
Schell ingstrasse 33, 8000 Munchen 40 Microcompuler Shop, Toelzerstr, 8, D-615 Holzkirchen. ISRAEL: HAIFA: Microcomputer Eng Ltd ., Halla 31-070. 
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Figure 2: Conneclion dia
gram of a standard per
manent magnet step motor 
and its switching sequence. 

2 

SWITCH SWll Ct-' 
2 

Bt t AR STEP MOfOR 
SW1T CH t STEP SWI TC H 2 

I 5 
2 4I 

j 4 

4 

3 
3 5 

5 

SWITCH I SW\1 CH 2 

4 

R 

Figure 3: Connection diagram for a bifilor permanent mag11e/ s/ep molar 
and switching sequence. To run in the opposile direclion, lhe stepping 
sequence is done in reverse order. Nole that this motor requires only one 
power supply. 

IN CRE AS I N G LO AD 
CAPAB tL t fY !TOR QUE) 

INCRE A S I NG SPEED 

Figure 4: Performance of bifilar motor versus standard 3 lead permanent 
magnet mo/or. The standard motor hos more capobi/i/y al /01v speeds but 
quicldy loses ii as speed increases. Nole also Iha/ the bifl!ar molar can run 
u/ a higher speed under !he same conditions of load and drf11e. 

94 ftbru.ir~· 1979 ti) BYTE Public.;111ion.s Inc 

CLOCKWISE COUN T ER CLOCKW ISE 

STE P SW ITCH I SWITCH 2 SW I TCH I SWI TCH 2 

I Off - OFF -
2 + OFF - OFF 

3 OFF + OFF + 
4 - OFF + OF F 

gized as a south, with poles B and D not 
activated, the rotor will line up with pole A, 
as shown in figure 1a. If pole B is then 
energized as north and pole D as south, with 
A and C de-energized, the rotor will go in 
a clockwise direction, lini ng up with pole B, 
as in figure ·1b. To take ano th er step, the 
current is reversed from the original direc
tion in poles A and C, and power is removed 
from poles B and D. This wil l make the 
ro tor line up with pole C, as shown in fig
ure Ic. To continue in a clockwise direc
tion , power is applied to poles Band D with 
the opposite vo ltage polari ty of before, as 
shown in figure 1 d. Th e next step sequence 
is to apply power to poles A and C as in 
the or igina l position. Repeating this se
quence continues motion in the clockwise 
direction. 

If the rotor is to be stepped in a counter
clockwise direction, power should be aopl icd 
in the reverse order. For more resolution in 
a practical mo tor, fou r more stator windings 
can be added, and teeth arc machined on 
each stator pole and the rotor . In effect, 
each tooth acts as a pole. Th is is how the 
number of steps per revo lution can be in
creased to 200 or more with a minimum 
number of windings . The windings on the 
stator arc normal ly connected interna lly, 
with three to eight leads brought out for 
external con nection. A simplified diagram 
of a stan dard 3 lead motor is shown in rig
ure 2, along with the stepping sequence fm 
clockwise and counterc lockwise rotation . 

Bi filar Stepping Motor 

The bifilar stepping motor is a special 
variation on the permanent magnet steppe r-. 
In this case, there arc twice as many wind
ings as on the sta ndard motor (sec figure 3), 
but there arc two windings on each pole. 
The wire is of a thin ner gauge than the 
standard permanent magnet motor so it 
will fit in the frame size. The thinner wire 
results in a higher resistance, giving the mo
tor a lower time constant and therefore 
increased high speed performance. Another 
advantage of the bifilar motor over the stan
dard type is that the motor may be operated 
from a single-ended supply with a simpler 
drive. A graph of a bifilar moto1· perfor
mance ve rsus a 3 lead motor is shown in 
figure 4. 
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Persona1co111puters

&Microprocessing 
Here are two inexpensive programmed 
learning courses designed to keep 
you up-to-date in digital electronics. 

Design of Digital Systems - six volumes 

The products of digita l e lectronics techno· 
logy will play an important role in your 
future. Calculators, digital watches and TV 
games are already commonplace. Now, 
microprocessors are generati ng a whole new 
range of products. Personal computers wi ll 
be in widespread use very soon . You r TV, 
telephone and computer will combine to 
change your children's education, your job
you r entire way of li fe . 

WRITTEN BY EXPERTS 
These courses were wr itten by experts in 

electronics and learning sys tems so that you 
could teach yourself the theory and appli· 
cation of digital logic. Learn ing by self· 
instruction has the advan tages of being 
faster and more thorough than classroom 
learn ing. You work at your own pace and 
respond by answering ques tions on each new 
piece of in formation before proceed ing. 

After complet ing these courses you will 
have broadened your career prosp ects as well 
as your understanding of the rapidly chang· 
ing technological world around you . 

The courses are designed as much lor the 
profess ional engineer as for the amateur 
enthusiast. You'll learn about m icroprocess· 
ing as well as personal computing - not to 
men tion all the other aspects of dig ital 
electronics design . 

ADVANCED COURSE 

DESIGN OF DIGITAL SYSTEMS 


Design of Digital Systems is written for the 
e ngineer and se rious hobby ist who wants to 
learn more about digital e lec tronics. I ts six 
large· format volumes- each 11 '!.. " x 8 '1.. " are 
packed w ith information, diagrams and 
questions designed to lead you step by step 
through number systems a nd Boolean algebra 
to memories, counters and simple ari thmetic 
circuits.and finally to a complete understand· 
ing of the design and operation of m icro· 
processors and computers. 

CONTENTS 
The contents of Design of Digita l Systems 

include: 
Book 1: Octal, hexadecimal and binary 

number systems; representation o f negative 
numbers; complementary systems ; binary 
mulitplicat ion and divis ion. 

Book 2 : OR and AND functions; logic 
gates; NOT, exclusive·OR, NANO .NOR and 
exc lusive · NOR functions ; multipl e input 
gates; truth tables; DeMorgan's Laws; canon· 
icsl forms ; logic conventions; Karnaugh map· 
ping; three·state and wired logic. 

Al t:o aviul•ble at le;ad1mi1 compuU1r st(J 1~: 

Erie Corn1Jo\.11er Co.. 1253 WL'sl 81h SI .• E11•". PA. 
Curn1hrtt'l Marl of Rov.11 O;ilt, ll:JOOW 111 Mrli! RU., Rov.11 U.1 , Ml 

The M.:id1so11 Co mouw1 S1U11J, 1863 MOml)tl $1., Madit.on, WI 

Pl!'1wn<1J Compul~r Cc1111 .• l ;:111(.ll\ l••1 Avi.: & R1 . 52, Fiat!:!•, PA. 

Cumpuie1 Sho1i1w. 322& IJ.-,nny rJl. , ~Vc 1.11 u!!, LA. 

Corn11u1~1 Cotuci, 200 H an 11l11111 II.vi;., Whrlt! Pl iUll!i, NY . 

l111p111rral Co1npuh.•r Svs. te m <, Inc ., ~!105 23ul II.vi!., R ock lmlJ, IL . 

Homu C o mpuhH C..:11 11•1, G10 1 Yuo1~ S1 • Wdlowdnlu, Ont.um, C.111,Hl. 1 


Book 3 : Half adders and full adders; sub· 
tractors; seria l and para ll e l adders; processors 
and arithmetic logic un its (ALUs); multi · 
pl ication and division systems. 

Book 4 : Flip-flops; shift registers; asynch· 
ronous counters; ring, J o hnson and exc lu sive 
·OR feedback counter; ran dom access mem· 
cries (RAMs); read-only memories ( ROMs). 

Book 5: Structure of calculators; keyboard 
encoding; decoding display data; reg ister 
systems: control unit; program ROM ; address 
decoding; instruct ion sets; instruction decod· 
ing; control program structure. 

Book 6 : Central processing unit (CPU); 
memory organization; c harac ter represen· 
tal ion; program storage ; address modes; 
input/cu tput systems; program interrupts; 
interrupt priorities; programming; assemble rs; 
executive programs, operating systems, and 
time-shar ing. 

BASIC COURSE 

Digital Computer Logic & Electron ics 

CONTENTS 
Digital Computer Logic and Electronics is 

designed for the beginner. No mathmetical 
knowledge other than simple arithme t ic is 
assumed, though you should have an apt itude 
for logical thought. It consists of 4 volumes 
each 11 Y, " x 8'1.. " -and serves as an intro· 
duct ion to the subject of digital electronics. 

Contents include : Binary, octal and decimal 
number systems; conversion between number 
systems; AND, OR, NOR and NANO gates 
and inver ters; Boolean algebra and truth 
tables; DeMorgan's Laws; design of logical 
circuits using NOR gates: R-S and J -K flip· 
flops; binary counters, shift registers and 
ha l f·adders . 

NO RISK GUARANTEE 
Th ere's absolutely no risk to you . If you're 

not completely satisfied with your courses, 
simply return them to GFN with in 30 days. 
We' ll send you a prompt, full refund, Plus 
return po stage. 

TAX DEDUCTIBLE 
In most cases, th e full cost of GFN's 

courses can be a tax deductibl e expense. 

HOW TO ORDER 
To order by cred it card, call GFN's toll · 

free number - (800)331·1000 ; or se nd your 
check or money order (payable to GFN 
Industr ies, Inc .) to the add ress below. 

Prices include overseas surface mail pos t· 
age. Ai r Mail : addi tiona l costs (10volumesl . 
S10. Or wr ite for exact quote. 

Write for educational discounts. quantity 
d iscounts and dealer costs. 

LOW PRICES - SAVE S5 

We ship promptly from stock. There are 
no extras - we pay a ll sh ipping costs; we even 
pay your sales tax where required. And if 
you order both courses, you save S5. Order 
at no obi lgation today. 

FREE OFFER 

When you order both courses, we'll also 
send you a copy of The Algor ithm Writer' s 
Guide - a SS.95 value - free of ch arge , and 
yours to keep even ii you decide to return 
the o ther vo lumes. 

Design of Digital Systems . ....... $19.95 

- 6 volumes 

Digital Computer Logic ... . . . .... $14.95 
& Electronics - 4 volumes 
Both courses - 10 volumes ..... .. $29.90 

FG GFN Industries, Inc. 

Su ite 400 -D 

N 
888 Seventh Ave. 
New York 
N.Y. 10019 

Call TOLL-FREE (800)331 -1000 
(orders only) 7 tlay s 24 l1ou1s 

;;im;I 11u1nv 01h1111 $... Ask your daill er 
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DC SUPPLY 

DROP 
RES ISTOR 

DC SUP PLY 

MO TOR 
WIN DING 

Figure 5: Simplf{fed bipolar stepping motor diagram. This type of drive re
quires two supplies to run the motor. 

SWIT CH 
PAI R A 

PROTEC TION 
DIODES ( 4 ) 

DROP 
RES1S OR 

SWI TCH 
PAIR 8 

SWI TC H 
PAIR B 

MOTOR 
WINDING 

DC SUPPL Y 

SWI TC H 
PAIR A 

Figure 6: fl drive configuration for one phase. By alternately /urning on the 
switch pairs, the direclion ofcurrent in the winding (hence the magnelizat ion 
polarity) is re11ersed. This method requires eight transistors for a two phase 
drive. 

• Vs u PPLY 

DROP 
R[ SIS OR 

MOTOR MOTOR 
PHASE 18 PHA SL IA 

Figure 7: Simpldied drive configuration for one half of a bifilar motor. The 
switches alternately turn on, causing the current lo flow in one phase al a 
lime. Each lime the transistor switch, the magnetic polarity of the pole 
that the winding is on reverses. The drive requires llnother set of switches 
for the other phuse of the motor. 
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Variable Reluctance Stepper Motor 

The mai n difference between a variable 
reluctance motor and a permanent magnet 
motor is that the variabl e rel uctance moto1· 
contains no magnet in the rotor. Since th e 
rotor is unmagnetized, the rotor position is 
independent of the polarity of the stator 
phase excitation. Th is means that a single· 
ended power sou rce can be used and bifilar 
wi ndings arc not req uired . Since there is no 
magnet in the moto r, there is no residual or 
unenergized torque to hold the rotor at 
one position when turned off. 

A comparison of permanent magnet and 
variab le reluctance stepper motors shows 
that a permanen t magnet motor has residual 
torque whe n windi ngs are unene rgized, a 
lower inductance that yields faster current 
response, and higher total ine rtia which 
gives a slower mechanica l response. Both 
motors have advantages in certain applica
t ions . The specific appl ication usually 
determi nes the type and size of the stepper 
motor required. 

Basic Drives 

The pmpose of the drive is to get the 
con-ect voltage and current into the motor 
within a short time period and in an efficient 
manner. The di rection of the cu1Tent in the 
windings of the permanent magnet motors 
is important, as is th e proper timing of mo
tor excitatio n. 

Fi gure 5 is a ;;implified diagram of one 
stepper motor windi ng, representing the 
motor winding as an inductor. The switches 
can alternately connect the winding to a 
plus and minus vo ltage supply . Th is results 
in a directional change in th e current (and 
thcrefo1·c the magnetic polarity ) in the wind
ing. This is a bipolar configuration. Notice 
that this req uires two supp lies in order to 
operate. 

By us ing more switches, we can eliminate 
one supp ly, as shown in figure 6. Th is is 
commonly called the H drive or bridge 
drive. By turning on one opposite pair at 
a t ime , the winding leads are switched back 
and fort h from ground to the supp ly. This 
achieves the des ired result of changing the 
current directio n in the winding. Care must 
be taken in both these drives to be sure that 
the switches arc not turned on at the wrong 
time or they wil l short out the power sup· 
ply (not to mention the rest of th e system). 

A bifi lar motor, however, docs not have 
this problem, because there are two windings 
on each pole. A drive configuration for a 
bi fi lar motor winding is shown in figure 7. 
Each pol e has the windings connected so 



Wondering which memory 
is best for you? 

ba1e 2• offers the following products 
to the S-100 market at the industry's 
lowest prices: 

SK Static Memory Board 
This BK board is available in two versions. The BKS-B operates at 450ns for use with 
BOBO and BOBOA microprocessor systems and Z-BO systems operating at 2MHz. The 
BKS-Z operates at 250ns and is suitable for use with Z-BO systems operating at 4MHz. 
Both kits feature factory fresh 2102's (low power on BKS-8) and includes sockets for 
all IC's. Support logic is low powerSchottky to minimize power consumption. Address 
and data lines are fully buffered and 4K bank addressing is DIP switch selectable. 
Memory ProtectiUnprotect, selectable wait states and battery backup are also 
designed into the board. Circuit boards are solder masked and silk-screened for ease 
of construction. These kits are the best memory value on the market! Available from 
stock . . . BKS-B $125 (assembled and tested add $25.00) 

BKS-Z $145 (assembled and tested add $25.00) 

16K Static Memory Board 
Base 2 can now offer the same price/performance in a 16K static RAM as in its popular 

BK RAM. This kit includes BK bank addressing with 4K boundary address setting on 

DIP switches. This low power unit provides on-board bank selection for unlimited 

expansion . .. No MUX board required. Using highest quality boards and components 

we expect this kit to be one of the most popular units on the market. Available in two 

speed ranges, the 16KS-B operates at 450ns while the 16KS-Z operates at 250ns. 


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

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


Z-80 CPU Board 
Our Z-BO card is also ottered in two speed ranges. The CPZ-1 operates at 2MHz and 
the CPZ-2 operates at 4MHz. These cards otter the maximum in versatility at 
unbelievably low cost. A socket is included on the board for a 270B EPROM which is 
addressable to any 4K boundary above 32K. The power-on jump feature can be 
selected to address any 4K boundary above 32K or the on-board 270B. An On-board 
run-stop flip-f lop and optional generation of Memory Write allows the board to run with 
or without a front panel. The board can be selected to run in either the BOBO mode, to 
take advantage of existing software, or in the Z-BO mode for maximum efficiency. For 
use in existing systems, a wait state may be added to the M1 cycle , Memory request 
cycle, on-board ROM cycle, input cycle and output cycle. OMA grant tri-states all 
signals from the processor board. All this and more on too quality PC boards. fully 
socketed with fresh IC's. CPZ-1 $110 CPZ-2 $125 

S-100 for Digital Group Systems 
This kit otters, at long last, the ability to take advantage of S-100 products within your 
existing Digital Group mainframe. Once installed, up to four S-100 boards can be used 
in addition to the existing boards in the D.G. system. The system includes an 
" intelligent" mother board , ribbon cables to link existing D.G. CPU to the DGS-100 
board and a power wiring harness. The DGS-100 is designed to lit in the 5-3/4" x 12" 
empty areain the standard D.G. cabinet. It may seem expensive but there's a lot here! 
End your frustration! DGS-100 $295 

Send for more details on these products. Gel on our mailing list for 
information on more soon to be announcedproducts at factory-direct 
prices from BASE 2. Why pay more when you can get the best at 
lhese prices??? 

P.O. Box 3548 • Fullerton, Calif. 92634 
(714) 992-4344 
CA residents add 6% tax 
MC/BAC accepted • FOB - u_s. destination 
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+V suPPLY 

MOTORMOTOR 
PHASE CPHASE 8 

Figure 8: Drive scheme for a 3 phase variable reluctance stepper motor. Since 
there is no permanent magnet inside, only one power supply is needed. 

that cur re nL in one windi ng creates an op
posite polarity on the pole fro m Lh e o ther 
wind ing. The switches now deci de which 
winding will be energized. Th e net eflect 
is the same as the bipolar drives above, buL 
only one supply is required, and the swiLch
ing transistors (or moLor) wil l no t be 
damaged if they arc acc identa ll y turn ed on 
at the same time. On the other hand , the 
bipolar drives can give higher torque at lower 
speeds than the bifilar drives. Depending on 
which winding leads arc ava il , bl c, th e 
bifil ar motor m y also bl' connected Lo a 
bipolar type drive. 

The var iabl e rel uctance motor docs not 
depend on the direction of curren t fl ow 
since there is no magnet in idc. Therefore 
it can use a drive scheme like the one in 
figure 8. Remember, however, that the va r
iabl e reluctance moto r docs not have any 
ho lding power when de -energized. A con
nection diagram for evera l standard wiring 
con ri gurations is shown in fig ures 9a, 9b and 
9c. Figure 9a is ,1 standard 3 or 4 lead bi
polar stepper. Figures 9b and 9c m: standard 
4, 5, 6 and 8 lead motors. The onl y dif
ference between the various type is that 
the comm on leads on the 6 and 8 \cJd types 
are connected intern all y on the 4 and 5 
iead style. 

A straight voltage suppl drive for a bi
filar sLep motor sys tem is shown in figure I 0. 
This type of drive exh ibi ts some difficulty 
in forc ing curren t into th e windings. The 
in here nt problem with this circui t is that 
there is a long time constant in the motor 
wi ndings which prevents any quick, large 
buildup of current. As a resu lt, lit tle torque 
is produced. Th is can be improved, result ing 
in a commo n, fair ly inexpensive stepper 
drive ca ll ed the series resi tance lim iti ng 
dr·ive (figure 11 ). 

In rigure ·11 , a re istor is in serted in se ries 
with the mo tor common lead , and the 
supp ly volt<1gL' is increased. A ge neral rule 

a l 2 PHA SE - 3 OR 4 L EADS 

PHASE I PHASE 2 
_...rvYYYV'-......._ _ ~ ~E~ ~S _ _ ~_r,rv-.r-v--."'----

3 2 

bl 3 PHASE - 4 OR 6 LEADS 

PHASE I PHASE 34 L EA DS ---- .....----
! 

I 

I 


PHASE 
2 

5 2 4 6 

cl 4 PHA SE - 5 , G ORB Ll A DS 

6 e 

• - 6 Ll ADS 

5 cl AD S 

PH ASE I PH ASE 2 

PHAS E 3 PH ASE 4 

2 3 

Figure 9: Connection diagrams for various 
motors. The dotted line in each configur
ation is an internal connection when less 
than the maximum number of leads are 
brought out. The number of leads brought 
out of the motor gives an approximate idea 
of the number of phases it has. By using an 
ohmmeter and measuring the difference 
between leads, the exact connection be
tween phases of the motor can be found. If 
the motor is powered up and does not mn 
correctly, reversing the leads of one of the 
phases should correct the problem (ie: in a 6 
lead motor, exchange wires on terminals 3 
and 4). The best thing to do if you are not 
sure of the wiring is to get the manufac
turer's literature on the exact motor in 
question. 



INTRODUCING 
DUAL DRIVE MINIFLOPPY FOR PET! 

A FULL RANGE PROFESSIONAL 
OF PERIPHERALS + SOFTWARE -

A TOTALLY 
INTEGRATEDTO COMPLETELY -

SUPPORT YOUR PET SUPPORT PET* SYSTEM 

DOMESTIC & OVERSEAS DEALER INQUIRIES INVITED ON DISK SYSTEM & MEMORY 

THE DISKDRIVER, 

DOS, AND EXPANDAPET 

ARE ALL PRODUCTS OF 


COMPUTHINK 


NOW THE DISKDRIVER DUAL DRIVE DISK SYSTEM 

CAN ADD TOTAL SYSTEM CAPABILITIES TO PET! 


* DUAL MIN I FLOPPY DRIVE (5.5") WITH 100K PER DISK SIDE FOR TOTAL 200K ON LINE. 
* EXPANDABLE IN MARCH/APRIL 1979 TO 400K ON LINE VIA DOUBLE DENSITY FORMAT. 
* DISKMON·DISK OPERATING SYSTEM (DOS) IS RESIDENT IN PROM VIA DISK CONTROLLER BOARD THAT PLUGS 

DIRECTLY INTO THE INTERNAL EXPANDAPET MEMORY BOARD,· 
* DISKMON COMMANDS EXIST SIMULTANEOUSLY WITH THE BASIC LANGUAGE COMMANDS. 
• DISKMON ADDS 16 COMMANDS TO BASIC INCLUDING DISK DATA FILE COMMANDS. 
• DESIGNED FOR COMMERCIAL SPEED REQUIREMENTS - READS AN ENTIRE TRACK AT A TIME. 
* DISK DRIVES ARE AUTOMATICALLY TURNED OFF BETWEEN COMMANDS FOR LESS WEAR 
* EXCELLENT DOCUMENTATION AND FULL SOFTWARE SUPPORT VIA FUTURE SOFTWARE . 
• DISKMON AUTOMATICALLY SUPPORTS COMMERCIAL TYPE PRINTER (CENTRONICS MODELS! VIA PARALLEL PORT. 
* DISKDRIV ER COMES COMPLETE WITH AITRACTIVE BEIGE CABINET, BUILT IN POWER SUPPLY, DISK CONTROLLER 

BOARD. ALL PLUG COMPATIBLE WITH YOUR PET (DISKDRIVER REQUIRES THE EXPANDAPET) 
* NOW FOR THE FIRST TIME YOUR PET CAN BE UTILIZED AS A COMPLETE. TOTAL SYSTEM. 
* APPLICATION/DEVELOPMENT SOFTWARE AVAILABLE * BUSINESS PACKAGES IN MARCH/APRIL. 
* FULL PRODUCT (HARDWARE & SOFTWARE) SUPPORT FROM COMPUTHINK AND DEALERS. 

HARDWARE/SOFTWARE PRODUCT DIRECTORY 
DKH642·1 DISKDRIVER DUAL DRIVE MINI FLOPPY SYSTEM (200K ON LINE STORAGE} .... ....... ... .. ..... . $1295 

EXPMEM EXPANDAPET MEMORY EXPANSION BOARD (SPECIFY 16K, 24K, 32K) 16K MODEL . . .•. ..•...•.. $ 425 

PRT200 CENTRONICS COMMERCIAL PRINTER (MODEL 779·1) WITH FRICTION FEED ........ .. .. . ... ... . $1245 

PRT202 CENTRONICS COMMERCIAL PRINTER (MODEL 779·2) WITH TRACTOR FEED ... . . ... . .. . • ... •.. $1345 

PRT100 AXIOM HOBBYIST PRINTER (ELECTROSTATIC 5.5" WIDE PAPER} APPROX. ..... .... . . . $ 450 

NPK101 NEECO PERIPHERAL KEYBOARD (TYPEWRITER TYPE) AVAILABLE JAN .. . ...................... $ 140 


ASG200 PET ASSEMBLER PROGRAMMER'S GUIDE (SHOWS HOW TO TAP INTO BASIC) ... . .... . . .. • . ... $19.95 
ASM789D PET ASSEMBLER 6502 PROGRAMMING SOFTWARE (O N DISK-WITH MANUAL) ... . ..... . ..... $49.95 
LNK456D AUTOLINK PROFESSIONAL LINKI NG LOADER SOFTWARE (ON DISK-WITH MANUAL) ... . . . ... $49.95 
EDT392D ASSEMBLER-EDITOR, ASSEMBLER SOURCE PROGRAM EDITOR (ON DISK-WITH MANUAL\ .. . $49.95 
DUG078 DISKMON USER 'S GUIDE (PROVIDED WITH SYSTEM-CAN BE PURCHASED SEPARATELY) .... $ 9.95 
DKL067 DISKMON (DOS) ASSEMB LER LISTI NG IN MANUAL FORM ..... .. . . .. .. . . .......... . .. ... ..... . $19.95 
FOR112 FORTRAN COMPILER FOR DISKDRIVER SYSTEM (AVAI LABLE JAN.I FEB.) . . . .. . • ... .. . . ..•.... . $69.95 
PLM118 PROFESSIONAL PLM COMPILER FOR DISKDRIVER (AVAILABLE JAN.I FEB.) .. . •........ . •..... $49.95 
FUTURE BUSINESS AND PROFESSIONAL PACKAGES STARTING IN JAN.I FEB. 

' NOTE PET IS A TRADEMARK OF COMMODORE AND IS SOLD ONLY BY AUTHORIZED DEALERS. 

EASTERN U.S. & EUROPEAN WESTERN U.S. & CANADA 

COMPUTHINKlif:f~ ~NEW ENGLAND ELECTRONICS 
3260 ALPINE ROAD• :{i • SPRIN~:::L~.D~!s~: 01103 MENLO PARK, CA., 94025 

413 739-9626 
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PHASE I 

Figure 7 0: Simple drive 
for a 4 phase bifilar step
ping motor. 

of thumb for th is sch eme is to make th e 
supply vol tage approx imale ly 5 times the 
voltage of the motor. The resisto1· is picked 
to drop the increase in voltage of th e drive. 
Th e reason for the superiority of this modi
fication is that the addition of the resistor 
changes the motor 's time constant, al lowing 
current fl ow to increase faster in a given 
time per iod. In order to mainta in the ra ted 
current, the supp ly voltage is increased. The 
biggest disadvantage of th is type of drive is 
in the power loss in th e series resistors, 
which makes it very inefficient. 

Various schemes have been developed and 
arc used to improve upon the design. Figure 
12a shows a scheme that uses a transistor 
and diode to switch out a hi gh voltage fro m 
the windings once cu1-rent has built up suf
ficiently . Figure ·12b shows a method 
similar to that of a switch in g regu lator. An 
initi al controll ed pulse so urce ind ependent 
of the motor switches power LO an inductor. 
A second pulse th at increases in frequ ency 
as the speed of the motor· increases also con 
tro ls the power switch. In this design, there 
is enough cu rren t at sta ndst il l to suppl y ade
quate current fo 1· static torque (power on, 
but motor and switches not run nin g) . As 
the speed of the motor in creases, lhe voltage 
increases because of the faster switching 
pul ses. This con tin ues un til the motor sup-

R; 

PH~Sl I 

Figure 7 7: Series resistance 

limiting drive. 
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ply voltage reaches the main supply voltage . 
At these speeds, the impedance of the motor 
is much hi gher and it can wi ths tand the 
higher vo ltage present on the windings. 

Figure l 2c is a more efficient but more 
ex pen sive scheme known as a chopper drive. 
In this scheme a high voltage is applied to 
the winding and removed when th e current 
sense circuit detects a predetermined cm
ren t in the windings. 

For th e personal computer expe1·imentN, 
the series res istance limiting supply shoul d 
be adequate for most applicat ions. 

Once the type of drive to be used has 
been decided upon, the most important 
item to consider is the dr ive transistOI' 
switches and protection circuits around 
them. The motor coil appea1·s to the driver 
switch as a se ries connected inductor and 
resistor . An indu ctor in a sw itching circuit 
will cause problems if not dealt with prop
erly . Th e winding also complicates mat· 
tcrs by generating back electromotive 
force (back EMF), or voltage, which op· 
poses the motor power supply. Since the 
motors arc usuall y high current, low imped
ance dev ices, Lh e drives req uire severa l 
stages of amplification. 

In selecting the transistor, other chai-
acte1·istics arc also important. First of all, 
the transistor must handle the current rating 

-f Vsu PPLY 

R; 
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a/ •VsuPPL y •VsuPPLY 

CUR RENT 
SENSE 
SWI TCH 

Figure 12: Three types of higher perfor
mance drives. (a) Dual voltage supply that 
turns off the high voltage supply when 
current is built up in the windings, leaving 
the lo w voltage supply on. (b) Switching 
regulator approach that increases the voltage 
to the windings as the motor speed increases, 
thus trying to l?eep the maximum current 
in the windings at any speed. (c) Chopper 
drive configuration which applies a high 
voltage to the windings to build up current 
quickly and then turns it off when a pre
determined current is attained. 

c) 

CURRENT 
SEN SE 

of the drive. Sin ce the current rating of the 
motor is usually for 25°C and motor heating 
causes increased resistance, the transistor 
must be derated to take the heating of the 
motor into accoun t. And they can get hot! 
Th e peak current seen in the transistor, 
which is about twice the average DC cur ren t, 
occurs when the coil phases are switched. 
A good rule is to not exceed 50 to 60 per
cent of the transistor's rating. 

The next concern of the transistor is the 

b/ 
SWITCH I NG 
TRANSISTOR INDUC TOR 

orF 
CONDUCT ION 
DIODE 

l ~lO 

PUL Sl S 

VA RI ABL E 
PUL S( S 

•VsuPPLY 

CURR ENT 
SENSE 

r·everse vo ltage rating of th e col lector-emitter 
and co llector-base ju nctions. Ir the supp ly is 
28 V, it doesn't mean th at the rating of the 
ffansi stor should be 28 V. Voltages in a 
bifi lar motor winding, when switch ing, can 
peak at amu nd 100 V with a 28 V supply, 
due to the tr·ans former action of th e wind
ings. 

Another co ncern of the transistor is the 
switching ti me . Th e longer the transistor 
takes to switc h on or off, the more power 

I 

+VMOTOii· 


! TO WI NDINGS ) 


. 
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there will be to dissipate. Common switchi ng 
times fo r power transistors arc from 1 to 2 µs. 
A swi tching time of longe r duration begins 

' ';V 

T<J 
M O TUR 

ro 
M OTOR 

F1:qure f 3: Various lransis
lor drive circuits. {a) Low 
power drive for smafl mo
tors. Diode protects logic 
from high 11oltage if tran
sistor shorts. (b) Darlinqton 

TOarrangement to boos! MOTO R 

power from logic levels. 
(c) 1-/igh power drive ar
rangement in which only 
lhe switching tramistor 
and motor use the high 
voltage supply. 
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Figure 14: Switching transients in an unprotected winding. When the s1vitch 
tries to open al lime Tl, the motor winding forces the 11ol1age high so Iha/ 
ii can maintain the same current. 
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to waste power. An efficient switching trans· 
istor and an adequate protection network 
will help to keep the transistor's temperatu re 
down. Make sure that the heat sink is large 
enough for th e power transistor, since most 
of the heat is created at low speeds. 

Since the computer output port cannot 
drive the power transistors direct ly, several 
stages of gain must be provided . The gain of 
the transistor·s is important since it is nec
essary to provide enough curTent for motor 
rating, ye t keep the mid die stages in low 
saturatio n. The am plifier stages can be kept 
to a minimum by using Darlington power 
transistors . Remember· that Dar lingtons get 
hotter than normal power transistors, so 
th ey need a larger heat sink . 

Table 1 gives a rough comparison of 
transistors available on the market that arc 
suitable for stepper motor applications. 
Dr ive sc hemes for several di ffere nt power 
levels MC shown in figure n' They al l pro
vide isolation between the processor· intc r·
face and mo tor windings . The first is a low 
power drive for sma ll motors . The second is 
a higher power dr ive that uses two d iscr·e te 
transistors in a Darlington configuration. 
The third technique uti lizes the +5 V supply 
for the switch in g section an d uses the motor 
supply on ly for the motor and out put tra ns
istor. 

Now that we have a method of getting 
power to the motor, we must be ab le to 
contro l the transient effects of the energy 
generated in th e mocor . The basic problem 
is shown in figure 14. Herc, the switch (or 
transistor) has been on fo r· some tim e and 
current is flowing through th e windi ng. 
Sudden ly, the switch is opened. Because the 
winding is an inductor·, the cur-rent wi ll 
continue to flow for some time and the volt 
age wil l instan tl y rise in order to keep it 
flowing al that rJte. At thi s point the 
trans ient could easi ly knock out a u·ansistor . 

As l"ig Lll"cs 1Sa, 1Sb and l Sc demonstrate, 
there arc many ways to avoid this prnblcm. 
The simplest method, shown in figure 1Sa, 
is to connect a diode from the windi ng 
back to the supp ly. Th is causes the current 
in the inductor to flow back around to the 
supply an d eventual ly die out. ThL' voltage 
across the switch at maximum would be 
onl y one diode voltage drop above th e sup
pl y voltage. Figure l 5b follows the same 
idea, but a resistor is added to the d iode 
path. This al lows a large vo ltage spike upon 
turnoff, but curn.:nt flowin g in the winding 
decays more rapidly. This is advantageous 
when ru nning at higher speeds. A 'third ar-
rangcmcnt (figure 1Sc) uses a zcner diode 
in place of the resistor, limiting the voltage 
peak to a level approximately th e same as 
that of the supply vo ltage plus the zenCI' 
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TWO EGGS FROM TELETEK? NOT QUITE. 
Our avian friends are helping us tell everybody that two S-100 Floppy Disk Controllers are the newest additions to 
the Teletek product family. 

FLOPPY CONTROLLER I 
A state of the art device designed to assist the 
O.E.M. and the hobbyist. The most capable 
Floppy Disk Controller available anywhere. 

• 	 Single/double density, single/double 
sided Floppy Disk Controller for mini or 
maxi drives. 

• 	Z-80A CPU, EPROM & RAM on board 
can form the basis of a stand -alone 
system or can be added to existing 
systems as a smart controller. 

• 	Two RS-232C serial ports and one 
parallel port. 

• 	Compatible with Shugart, Calcomp@; 
Siemens and similar drives. 

• 	CP/M@ and FAMOS® compatible. 
• 	On-board buffer for multiple sector read. 
• 	 Reset-jump and power-on-clear. 

FLOPPY CONTROLLER II 
An exceptionally clean design providing many of the 
same features of its big brother. 

• 	 Single/double density, single/double 
sided Floppy Disk Controller for mini or 
maxi drives. 

• 	 Compatible with Shugart, Calcomp<f@, 
Siemens and similar drives. 

• 	 CP/Mliil and FAMOS® compatible. 
• 	 Bootstrap loader on-board. 
• 	 On-board buffer, up to 8 sectors. 

INTERESTED? 

FOR MORE INFORMATION, ASK YOUR DEALER 

OR CONTACT US DIRECTLY AT (916) 351 -0535. 


115058 Douglas Rd.TELETEK Rancho Cordova, CA 95670 
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voltage. The rate of current decay is linear· 
in this case and is stil l faster than the straight 
diode. 

Another type of suppression circuit for 
bifilar motors is shown in figure 16. In th is 
case, the other winding of the pol e is used 
like a transformer to disch arge the cu1·rent. 
As an examp le, let's say that the motor is 
carryi ng 5 A an d transistor Ql shuts off. 

TIME-- In order to keep current flowing in the wind
ings, the motor finds a path from diode D 1 
through the other winding and back to the 
power supply . But what docs th is do to the 
vo ltages? First of al l, the wi nding co nnec ted 
to diode D 1 wou Id be at - 1 V. If there were 
5 A flowing , th e motor common wo uld be at 
+45 V to cause 5 A to flow through the 4 Q 
series resistor. On the other hand, the volt
age across Q1 goes up to +9 5 V bccau sc th c 
windings are act ing li ke a center-tapped 
transformer . The same thing happens in the 
other wi nding wh en Q2 is turned off. 

Part 2 of this artic le will describe tech 
niques for interfacing stepper motors to 
personal computers.• 
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Berger-Lahr CorporationFigure 	15: Suppression circuits for a stepping motor. The techniques shown 
Pere rb orough Ad 

allow one of se 1,eral alternalives. (a) Use of lo wer voltage transistors. (b} lnJaHrey NH 03452 

creuse or motor performance. (c) A combination of bolh. 
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• 25V 

RETURN 
MOTOR 

~-------- ----- --- ~ 
I I
I I il 1.0. I 

I - 5V • I 
L-------- ----- ---~ 

I V 

l::igure 16: Suppression circuit for bifilar motor. This technique uses the off 
winding in the bifllar pair to continue the current flow as it decays. For 
example, assume that transistor Ql shuts off. The arrow sho ws the path of 
current flow. Diode DJ is forced to conduct, which puts the off lead at 
- 7 V. Since the current in this example is 5 A, the voltage across the 4 S1 
resistor must be 20 V. This voltage must be added to the +25 V of the 
supply because the current flows into it. Therefore, the motor common lead 
will be at +45 V. The motor at this point can be thought of as a center 
tapped transformer and so the voltage from one coil to the center tap is 
+57 V (-5 drop due to motor resistance plus diode drop of - 7 V). Th e total 
110/tage across the transformer would then be +702 V because one end of the 
1ransfom1er is at - 6 V. 

Low Power 

Device IC 

T15135 0.5 A 
2N2222A 0 .5 A 
2N2907A 0.5 A 

Medium Power 

Device I C 

2N3054 4 .0 A 
MJE13002 1.5 A 
D45C5 4.0 A 
TIP29C 1.0 A 

High Power 

D evice I C 

T IP125 5A 
2N3055 10 A 
2N6056 SA 
2N678B 15 A 
056W 1 5A 
2N3715 10 A 
2N3716 10 A 
TIP122 5A 
T IP142 10 A 
TIP34C 10 A 

BVceo 

50 v 
40 v 
60 v 

BVceo 

55 v 
300 v 
45 v 

lOOV 

BVceo 

60 v 
60 v 
80 v 
60 v 

200 v 
60 v 
80 v 

100 v 
100 v 
100 v 

Gain 

20 
10 
50 

Gain 

25 
5 

10 
20 

Gain 

500 

5 


750 

50 


3 

10 

10 


1000@3A 
1000@5A 

20@3A 

Power 

0 .7 w 
o.sw 
0.4 w 

Power 

40W 
20 W 
30W 
2W 

Power 

2W 
GO W 
70W 
30W 
70W 

100W 
100W 
65W 

125 w 
sow 

Type 

NPN 
NPN 
PNP 

Type 

NPN 
NPN 
PNP 
NPN 

Type 

PNP 
NPN 
NPN 
PNP 
NPN 
NPN 
NPN 
NPN 
NPN 
PNP 

Case Type 

To - 92 
To-5 
To - 18 

Case Type 

To -66 
To - 3 
To - 229 
To -229 

Case Type 

Darlington 
To -3 
Darlington 
Germanium 
GE To - 3 
To - 3 
To - 3 
Darlington 
Darlington 
To -3 

Table 1: Comparison of several transistors suitable for stepping motors. 
The transistors are available from most surplus electronics dealers. 
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NEW/ THE ELECTRIC PAINTBRUSH by Ken Anderson for 4K 
level I and II TRS-80s: Create the most dazzling graphics displays 
you have ever seen with a minimum of effort. The Electric 
Paintbrush is actually a simple 'language' in which you can write 
'programs' directing your paintbrush around the screen-drawing 
I in es, turning corners. changing white to black . etc . Once defined , 
these programs may be called by other programs or repetitively 
executed, each time varying the parameters of brush movement. 

The macnine 1anguage interpreter executes your programs almost 
in stantaneously , allowing you to create real-time, animated 
graphics displays. The screen photos above are actually 
'snapshots' of the action of a single one-line program over about 
thirty seconds. Mesmerize your fr iends with visual effects they've 
never seen on a TV screen! There's no limit to the variety of exciting 
and artistic graphics displays you can create with The Electric 
Paintbrush . And it's available now for only .. ..... .. .. . .. $14.95 

MICROCHESS is the culmination of two years of chessplaylng 4K TRS-BOs. in Z-BO machine language, offers ::i 1evets of play (both 
program development by Peter Jennings. author of the famous 1K 
byte chess program for the KIM-1 . MiCROCHESS 2.0 for BK PETs 
and 16K APPLEs. in 6502 machine language. offers B levels of play 
to suit everyone from the beg inner learning chess to the serious 
player. It examines positions as many as 6 moves ahead, and 
includes a chess clock for tournament play. MICROCHESS 1.5 for 

BRIDGE CHALLENGER by George Duisman for BK PETs, Level 11 
16K TRS-BOs, and 16K APPLEs: You and the dummy play 4 person 
Contract Bridge against the computer. The program will deal hands 
at random or accord ing to your criterion for high card points . You 
can review tricks, swap sides or replay hands when the cards are 
known . No longer do you need 4 people to play' ........ $14.95 

STIMULATING SIMULATIONS by Dr. C.W. Engel for 8K PETs. 4K 
Level I and II TRS-BOs. and APPLEs with Applesoft II : Ten original 
simulation games such as Forest Fire. Lost Treasure. Gone Fishing 
and Diamond Thief. progress ing from elementary to quite complex 
wilh most suitable for schoolchildren. Includes a 64 page book 
giving flowcharts , listings and suggested modifications ... $14.95 

WHERE TO GET IT: Look for the Personal Software'" display rack 
al your local computer store. Nearly 200 dealers throughout the 
United Stares, Canada, Europe and Australia now carry the 
Personal Software'" line. (And TRS-80 Microchess is available 
through all 7.000 Radio Shack® and Tandy Electronics stores!) 
New dealers are being added at the rate of two every business day. 
II your local dealer doesn't already carry Personal Software'" 
products, ask him to call us at (617) 782-5932. Or you can order 
direct lrom us by check, money order or VISA /Master Charge. If 
you have questions, call us at (617) 783-0694. If you know what you 
want and have your VISA /MC card ready, you can use any phone to 

DIAL TOLL FREE VISA' 
1-800-325-6400 

24 hrs In Missouri dial 1-800-342-6600 7 days 

Or you can mail your order to the address below. To add your name 
to our mailing list for free literature and announcements of new 
products, use the reader service card al tile back of this magazine. 

Personal Software™ 
P.O. Box 136-82, Cambridge, MA 02138 
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Level I and Level II versions are included and can be loaded on any 
TRS-BO without TBUG). MICROCHESS checks every move for 
legality and displays the current position on a graphic chessboard . 
You can play Wh ite or Black. set up and play from special board 
positions, or even watch the computer play against itself! Available 
now at a special introductory price of on ly ..... ... . ..... $19.95 

Circle 302 on inqu iry card . 



Look for Personal Software™ products at the dealer nearest you! 
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COMPUTEll ENCOUNTER 
Pr111('('10 n N .J Q8j,JQ 

TY Pl RONIC COMPUl ER STORE 
Rmnst• y NJ 0 74J6 

NEW YORK 

COMPUTERLAND 
Cn1I Ptacr NV 1151·1 

COMPUTER SHOP OF SYRACUSE 
Do W1u NY 1:'1 2 14 

THE COMPUTER TREE 
Enllwcll NY 1:l 760 

LONG ISLAND COMPUTER 
GENERAL STOFE 
Lynbrook NV 11563 

COMPUTER MICROSYSTEMS 
Mnnh.1ssel NV 1t030 

THE COMPUTER FACTORY 

TENNESSEE 

MICROCOMPUTER STORE 
Knoxville TN 37919 

COMPUTER LABS OF MEMPHIS 
Memphis T N 381 17 

DOC'S COMPUTER SHOP 
Nashv1llr . TN 37211 

TEXAS 

COMPUTERLANO OF AUSTIN 
Aushn TX 78757 

COM PU SHOP 
Da llas TX 752J3 

COMPUTERLANO 
0Rllas TX 75231 

KA ELECTRONICS SALES 
Dall as TX 752.:17 

COMPU l ER TERMINAL 
El Paso TX 79901 

COMPUTERCR AFT 
Houston TX 77063 

NEIGHBORHOOD COMPUTER 
Lcav•ll . rx i9401 

KEEN COMPU TERS 
No11mgham NG7 1FN 

PETALECT 
Woking , Suu cy 

OPTRONICS 
Twickenham TW1 4RV 

GERMANY 

ING W HOFACKER 
8 Munchcn 75 

HOLLAND 

COM PU TRON 
Oen Hnag 2502 EA 

ITALY 

HOME MICROCOMPU TERS SAL 
20 123 Milano 

SWEDEN 

MICROFUTURE 
Stccknolm 10322 

SEMIDAKO 
Uposaln 75353 

SWITZERLAND 

Dc1wc •. CO 80216 

COMPUTERLAND 
Dcnvc· co aon2 
CONNECTICUT 

IOWA 

THE COMPUTER CENTER 
w.1 te lloo. IA 50701 

KANSAS 

New Votli. NY 10017 

AUTOMATIC SYSTEMS 
Poughk ps1c. NY 12603 

COMPUTER HOUSE 

THE COMPUTER SHOP 
San An1on10. TX 78216 

COMPUTER SOLUTIONS 
San An10fl•O. TX 78229 

IN TERFACE TECHNIOUE 
BAS~I 

DIALOG COMPUTER 
Lucerne 

COMPUTERLANO OF FAI RFI ELD 
Fn 1r l1cld, CT 06430 

PERSONAL COMPUTER CENTER 
Overland Paik KS 66206 

Roc. hcSIN NV l.!609 

HIE COMPUTER STORE 
Roch!lSIOr NV 146 18 

WICH ITA COM PUT ER SYSTEMS 
Wu;h1 1a F11lls TX 7630 1 

ELBATE.J< 
Wct 11n9en 
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Fast Fourier for the 6800 


Richard H Lord 
Bennett Rd 
Durham NH 03824 

If you 're involved with music or speech 
processing applications with your computer, 
you've probably wished you could look at 
the frequency spectrum of your sampled 
signals. This may not be as difficult as you 
might guess, because here is a simple, 
straightforward fast Fourier transform 
(FFT) subroutine that can do the tri ck in 
just a few seconds. 

A Microhistory of the 
Fast Fourier Transform 

The analysis of waveforms for harmonic 
content has a long and fascinating history . 
Bernoulli and Euler developed the mathema
tics of the transform while experimenting 
with musical strings in 1728, nearly a hun
dred years before jean Baptiste Fourier gave 
his name to the equations. Interest in predic
tion of the tides led Lord Kelvin to build a 
mechanical harmonic synthesizer that in
spired the construction of increasingly com
plex mechanical harmonic analyzing ma
chines. This trend culminated in the Mader
Ott machine of 1931, which is on display at 
the Smi thson ian Institute in Washington DC. 

With the growth of the telephone and the 
communication industry came sampling 
theory and the discrete Fourier transform . 
At first, discrete Fourier transforms were 
hand calculated and tabular forms called 
"schedules" were soon employed to speed 
the process. With the development of digital 
computers in the 1940s th is task became 
somewhat easier to perform . The number of 
calculations required still made the concept 
of real time discrete Fourier transforms un
likely even on the ever faster new computers. 

Then in the 1960s a number of matrix 
theory mathematicians, including J W 
Cooley and j W Tukey, went back to the 
"schedules" and discovered that a great 
many of the terms were redundant and 
could be factored out. The procedure they 
evolved became known as the fast Fourier 
transform, which reduces the number of cal
culations to the point that special hardware 
can be built to perform the transform in real 
time and display the frequency spectrum 
continuously on a video display. 

The Basic Concepts 

A number of books have been published 
describing the mathematics of the fast 
Fourier transform in some detail. A few of 
these contain sample programs in FOR· 
TRAN , ALGOL, or BASIC. However, the 
use of a high level language to perform this 
computation not only costs a great deal in 
speed and efficiency, but also obscures the 
simple binary processes that characterize the 
algorithm. Since high level languages do not 
usually support bit manipulation, these pro
cesses can become almost as time consuming 
as the arithmetic. 

Clearly, assembly language programming 
of the fas t Fourier transform offers many 
advantages, but the literature seldom pro
vides any examples of assembly level code to 
illustrate how the equations are imple
mented. Thus the program described in this 
article may well be the reinvention of some
one else's "wheel." 

The detai ls of the inner workings of the 
fast Fourier transforms are left to the techni
cal references, but the basic concepts are not 
difficult to grasp. The transform involves 
complex products which behave in the 
manner of the coordinates of a rotating 
vector. When this vector is at angles which 
are multiples of 90 degrees, the sine and co
sine terms of the equations become +1, 0, or 
- 1. Since terms containing these values do 
not require computed multiplication, the 
arith metic becomes very simple. Other terms 
cancel each other out in order to simplify 
the equations at other angles. By factoring 
these terms out of the transform, many 
unnecessary calculations may be eliminated. 

The input data may be thought of as ele
ments of an input matrix which will be mul
tiplied by a transform matrix. The product is 
a matrix containing the transformed data. 
The redundant elements may be factored 
out of the transform matrix, converting it to 
the product of a number of simpler trans
forms. For an input array of 256 points, a 
discrete Fourier transform would require 
256 by 256 complex products or 262, 144 
binary multiplications. The fast Fourier 
transform reduces this to eight simpler trans
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FREQUENCY 

(b) 

forms and ul timately requires 8 by 2 by 256 
complex products, or 16,384 binary multi
plications (1 /16 the number of previous 
multiplications) . Even greater sav ings arc rea
li zed as the number of poi nts increases. 

Each of the simplified transforms oper
ates on the data in pairs of complex points. 
The real and imaginary parts of a pair are 
transformed and the new values placed back 
in the array so that the transform is per
formed "in place." The algorithm then 
moves on to the next pair until all pairs 
have been transformed. The process is re
peated for each of the eight stages of our 
256 point transform, but on each pass the 
distance between pairs is changed. 

On the first pass, adjacent points are 
paired. After completing a pair the algorithm 
skips down to the next. In a sense, the data 
has been split into 128 adjacent 2 point 
transforms. These 128 groups are known as 

FREQUENCY 

FREQUENCY 

cells. On each subsequent pass the distance 
between elements of the pair is doubled . In 
the second pass there are 64 cells, each four 
elements wide. On the final pass there is 
only one cell containing all 256 elements. 

This process of forming pairs and cells 
causes the elements of the array to become 
scrambled . On the final pass the data is com
pletely mixed up and must be sorted out be
fore it can be used. The way it is scrambled 
is very interesti ng, though. If each element is 
assigned a binary number that represents its 
location in the array, the scrambled data 
makes it appear that the computer has read 
this binary address backwards. It is as if the 
binary word were swapped end for end so 
the most significant bit {MSB) appears where 
the least signi fi cant bit {LSB) should be. 

This rearrangement of the data may be 
corrected by swapping each data point with 
its bit reverse addressed mate. The procedure 

Figure 1: Fast Fourier 
transform ofa square wave 
using the author's tech
nique. The real (or sine) 
part of the transform is 
shown in (a). The imagin
ary (or cosine) part of the 
transform is shown in (b). 
The resulting transform is 
at (c). The resulting trans
form values are normally 
found hy taking the square 
root of the sum of the 
squares of the cosine and 
sine elements. In order to 
save computational time, 
however, the author takes 
the sum of the absolute 
values of the terms, which 
introduces slight errors 
into the relative magni
tudes of the components. 
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00005 

00010 

00015 

00020 

00025 

00030 

00035 

00040 

00045 

00050 

00055 

00060 

00065 

00070 

is called "bit swapping" and may be perListing 7: Routine in 6800 assembly language to perform a 256 point fast 
formed ei ther at the end of the fast Fourier Fourier transform. 
transform or before it is begun. The pre
transform swap is more convenient because 

NAM FFTll200001 
less points need be swapped and because the 00002 OPT O, S, NOGEt~ 

0000}: vector rotation within each cell is simpler. In*********"'************ 
00004 ** FAST FOURIER ** the posttransform version the vector angles 

** TRANSFORM ** would also have lo be bit swapped. 
00006 ** SUBROUTINE ** 
00007 ********************** Implementation 
00008 ** B't' R. H_LORD ** 
00009 ** 21 APR IL, 1978 ** 

Now that we have looked at the concept, ********************** 
00011 let us look at how it can be implemented.** 
00012 ** THI S ::.UBROUT JNE PEF:FORMS A 256 POltH FFT The algorithm has been written as a subrou
000E "'* ON THE DATA IN THE INPUT [)ATA TABLE. tine (see listing 1) to be called by a signal
00014 ** INPUT DATA lS ASSUMED TO BE HJO ' S COMPLEMENT. gathering and display program. It assumes** THE SUBROUTINE GENERATES A COSINE <REAU AND Slt-IE 

that this program has stored some time de00016 ** ( !MAG INAR',' ) DATA TABLE RT "REAL" At·lD " I MAG" 

00017 ** THE RESIJLTANT TRANSFORM DATA 1 S 128 PO HITS penden t data in 2's complement form and 

00018 ** 5','1111ETR I CALL't' REFLECTED ABOUT THE CEtHER OF that a 256 byte sample of th is is to be trans

00019 ~ ' * THE 256 PO INT TABLE. formed to th e frequency domain. 

The fast Fourier transform subroutine be
00021 ** THE SUBROUT !NE ASSUMES THAT THE IMF'UT DATA 

gins with an address lookup table for the 00022 ** IS ALL F:EAL AND THEREFORE DOES HOT 11AHIPLILATE 
00023 ** THE IMAGINAR't' PORTION UHTIL AFTER THE FIRST data areas. This table makes the reassign
00024 ** PASS. ment of these areas very simple. The INPUT 

data area may be anywhere in memory, but 
00026 ** ALL DATA AREAS MUST BE OH PAGE BOUt~DRRIES CXX00) the SINE, REAL, and IMAG arrays must be 
00027 ** SINCE THE ROUTINE 11RtHPULATES OML'r' THE LSB ' S. at address page boundaries (ie: at hexadeci
00028 

mal XXOO) , and REAL and IMAG must be00029 ** THE HIO ' S COl1PLEl1EtH MULTIPLICATION 15 KEPT AS A 
** SEPARATE SUBROUTINE. IT MAY BE PERFORMED l·l!TH in adjacent pages forming a continuous 512 

00031 ** A CotNEtHIONAL SOFHJARE MULTIPL't' SUBROUTIHE byte block . Th ese restrictions greatly simpli· 
00032 ** OR 1.JlTH A HAF:Dl-JARE MIJLTIFUER FOR HIGHER SPEED. fy address ca lcu lation within the program. 
00033 SINE is the address of a 256 byte sine and 
00034 ** THE SUBROUTINE SCALES THE DRTR i.JHENEVER cosine lookup table which must be loaded in** IT ANTICIPATES O"IERFLOl·l. THE SCALE FRCTOF: 

with the transform subroutine. 00036 ** courn I '.:. AVA ILABLE IN " SCLFCT" 
00037 The first instruction of the subroutine** 
00038 ** clears the variable SCLFCT which keeps 
00039 ** track of the number of ti mes the data has to 

** be scaled to prevent overflow. The I MAG 
00041 ********************** array is then cleared and at MOVE the IN00042 ** DATA AREAS ** 
00043 PUT data is cop ied into REAL , where the ********************** 
00044 0800 INPUT EQU $0800 INPUT DATA TABLE transfo rm will take place. The data is then 

0500 REALT EQU $0500 "REAL" C>RTA TABLE prescrambled to put it in bit reverse order 
00046 0600 IMAGT EOU $0600 " IMRG" DATA TABLE for the transform process. The bit reversed 
00047 0400 SINET EQU $0400 S !NE LOOKUP TABLE address is calculated by rotating the least sig
00048 ********************* nificant bit of the address into the carry and 0020 ORG $0~120 

€100:-.1 rotating the reversed address out in the op************** '~******* 
00052 ** BASE PAGE PTRS ** posite direction . The new address is com
00053 ********************** pared with the first address to prevent 
00054 0020 0002 RLPT1 RMB 2 "REAL" DATA PO!tJTERS swapp in g the data back to the original order, 

0022 0002 RLF'T2 Rl1B 2 then the two array elemen ts arc exchanged. 
00056 0024 0002 ll1PT1 Rl1B 2 "IMAG. " DATA POitHrns 

Once th e swapping is complete, the data 00057 0026 0002 IMPT2 RMB 2 
00058 0028 0002 SIUPT RMB 2 SINE TABLE POINTER is ready to be transformed. The fast Fourier 
00059 002A 0001 CELNUt1 RMB 1 CELLS FOR THI S PASS transform is performed in eight separate 

0028 0001 CELCT RMB 1 CELL COUtHER FOR PASS passes; before each pass begins, the data is 
00061 002C 0001 PAIRNl1 RMB 1 PAIRS/CELL tested by SCALE to prevent any overflow. 
00062 0020 0001 CELDIS RMB 1 CELL OFFSEHDISTANCD For the first pass there arc 128 cells formed 
00063 002E 0001 DELTA RMB 1 AtmLE HlCREMEtH 

by adjacent pairs of data. In this pass the00064 002F 0001 SCLFCT RMB 1 SCALE FACTOR CTR. 
0030 0001 COSR RMB 1 TEMPORARY COS !NE vector angle steps in multi pies of 180 de

00066 0031 0001 SINA RMB 1 TEMPORAR'r' 5 !NE grees. This means that all the sine terms are 
00067 0032 0001 TRERL RMB 1 TEMP. REAL ORTA 0 and the cosine terms are either +1 or - 1. 
00068 0033 0001 TIMRG RMB 1 TEMP. !MAG DATA Also there is no data yet in the IMAG array.
00069 0034 0001 MSB't' RMB 1 MULTIPL'r' MSB 

The general equations thus become greatly 0035 0001 L.581
1

1 RMB 1 MULTIPL't' LSB 
00071 0036 0004 MPA Rl1B 4 SOFTMRRE MP'r' ACCUM. simpli fied and the pass is reduced to addi
00072 ***************************** tio n and subtraction among elements of the 
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32Kx8 BOARDS... 

STATIC , 4 MHz Guaranteed, 

DIFFERENT BLISSES 1 FULL 


FEATURES, and BEST OF ALL ... 

they're from ( ~mpuKit™ 


Cost-effective, low power, reliable 

memory ... backed with a 1 year 

warranty. Available as unkits 

(sockets, bypass caps pre-soldered 

in place for easy assembly), 

assembled/tested, or qualified 

under the Certified System Com

ponent (CSC) program. CSC 

boards are burned-in for 200 

hours and immediately re
placed if failure occurs 

within 1 year of invoice date. 


Name Storage Design Buss Guar. Unkit Assm csc 
Speed 

ECONORAM X'·"· 32K X 8 static S-100 4MHz $599 $649 $789 

ECONORAM IX'·"· 32K XS static DigGrp 4 MHz $650 NIA NIA 

ECONORAM XI '" 32KX S static SBC 4MHz NIA NIA $1050 

We have other Econorams, too ... 
ECONORAM II T.M. SK XS static S-100 2MHz $139 $159 NIA 


ECONORAM IV T.M. 16KX S static S-100 4MHz $279 $314 $414 


ECONORAM vi ··"· 12K X 8 static HS 2 MHz $200 $270 NIA 


ECONORAM VII '·" 24KX 8 static S-100 4 MHz $445 $485 $605 


: SPECIAL : TRS-80 CONVERSION : KEYBOARD SPECIAL: : 
: MEMORY OFFER : KIT $109 (3/$320) : $99 (LTD QTY) : 
• : : Microswitch keyboard, already : 
: 1 K of memory still isn't as cheap • Our kit includes DIP shunts , 250 • encoded with upper and lower case • 
• as a 741, but we 're working on it. : ns chips for 4 MHz operation , and a : ASCII. Silent switches (not reed : 
: The popular 2102-L1 static 1 K RAM • 1 year guarantee . Upgrades 4K • type}. Requires + 5 and -12V @ • 
• (high speed, low power) is now • TRS-80 to 16K or populates Memory • 2 mA. With edge connectors - just • 
: available from us for only 99¢. : Expansion Module - our novice : plug in and go. Keyboards like this : 
• Sorry, price only good on orders of • level instructions show you how. • don 't show up too often at this low a • 
: 10 or more !Cs. : Also suitable for APPLE computers . : price, so act now if you need one. : 

FREE FLYER: This is only the tip of the iceberg. Send us your 
neme end address. we'll send you e flyer [or send 41 c in 
stamps for 1st class delivery). @@IB®(!!JTERMS: Orders under $15 add $1 . Gel res add tax. VISA"' / 
Mastercharge"' ($15 min) call (415) 562-0636, 24 hrs. Allow 
5% shipping, excess refunded. COD OK with s treet address BILL GODBOUT ELECTRONICS 
for UPS. BOX 2355. OAKLAND AIRPORT. CA 94614 
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Listing 7, continued: 

000n ** START OF TRAt~SFORM ** 
00074 ***************************** 
00075 0200 ORG $0200 
00076 0200 20 08 BRA START JUMP AROUND PARAMETERS 
00077 ***************************** 
00078 ** ADDRESS LOOK-UP TABLE ** 
00079 ** FOR DATA AREAS ** 
00080 ***************************** 
00081 0202 0800 INPD FDB INPUT SET UP DATA AREAS 
00082 0204 0500 REAL FDB REALT 
00083 0206 0600 !MAG FDB IMAGT 
00084 0208 0400 SINE FDB s rnET 
00085 ***************************** 

00086 ** 

00087 020A 7F 002F START CLR SCLFCT t~OTHING SCALED 't'ET 

00088 ** 

00089 ***************************** 

00090 ** INPUT riRTA SET-UP ** 

00091 ***************************** 

00092 020D FE 0206 CLEAR LDX !MAG CLEAR OUT I11AG. 

00093 0210 5F CLR B SET UP COUIHER 
00094 0211 6F 00 CLR1 CLR 0, X CLERF: t1El10R'r 
00095 0213 08 INX 
00096 0214 5A DEC B 
00097 0215 26 FA Bt~E CLR1 
00098 0217 FE 0202 110".IE LDX INPD ·; ET UP PO INTERS 
00099 021A DF 20 STX RLPT1 
00100 021C FE 0204 LDX REAL 
00101 021F DF 22 STX RLPT2 
00102 0221 DE 20 110'./1 LDX RLPT1 MOVE INPUT DATR 
00103 0223 A6 00 LDA A 0, X TO "REAL" RRRA'r 
0(1104 0225 08 INX 
€10105 0226 DF 20 STX RLPT1 
00106 0228 C>E 22 LD~< RL PT2 
00107 022A A7 00 STA A 0,X 
00108 022C 7C 0023 INC RLPT2+1 
001€19 022F 26 F0 BNE 110'·/1 TEST PRGE OVERFLO~l 

00110 ***************************** 
00111 ** PRE - TRANSFORM BIT SWAP ** 
00112 ******************"..********** 
0011!. 0231 FE 0204 LDX REAL SET UP LiATA POINTERS 
00114 (1234 DF 20 STX RLPT1 
00115 0236 DF 22 STX RLPT2 
00116 0238 C6 08 BITREV LDA B 118 SET BIT COUNTER 
00117 023A 96 21 LDA R RLPT1+1 GET POINTER 1 
00118 023C 46 BR".11 ROF; A REVERSE BIT ORDER 
00119 0230 79 0023 ROL RLPT2+1 FOR SECOND POINTER 
00120 0240 5A DEC B COUNT BITS 
00121 0241 26 F9 BNE BR'./1 
00122 0243 96 23 LDA A RLF'T2+1 GET REVERSED B'1'TE 
00123 0245 91 21 CMP A RLPT1+1 COMPARE ~1 ITH 111 
00124 0247 25 0E BCS SWP1 BRANCH IF ALREADY SMAPPED 
00125 0249 C>E 20 S~JAF' LC>X RLPT1 GET POINTER 1 
00126 024B A6 00 LDA A 0,X GET VAL 1 
00127 024D DE 22 LDX RLPT2 GET POINTER 2 
00128 024F E6 00 LDR B 0, x GET '.JAL 2 
00129 0251 A7 00 STA A 0, X REPLACE l,JITH IJAL 1 
00B0 0253 DE 20 LDX RLF'T1 GET FIRST POINTER 
00131 0255 E7 00 STAB 0, X COMPLETE SWAP 
00B2 02~·7 7C 0021 Sl·JP1 INC RLPT1+1 DO t·lEXT POllH PAIF: 
00133 025A 26 DC Bt~E BITREV UNLESS ALL ARE DOt-lE 
00134 **********************"'************** 
00135 ** FFT FIRST PASS ** 
00136 ************************************* 
00137 SINCE W PASS 1 ALL ANGLES** ** 
00138 ARE 11ULTIPLES OF 180 DEG.** ** 
00139 ** THERE ARE t~O PRODUCT TERl15. .""* 
00140 At~D rm IMAGINAR'r TER11S 'rET '~*** 
00141 HEIKE R FAST VERSION OF PASS 1** ** 
(10142 ************************************* 
00143 025C E:D 03:3:3 PASS1 JSR SCALE SCALE IF RrN 01.JER-RANGE C>ATA 
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REAL array. Considerable time is saved by 
making this pass separate and bypassing the 
unneeded table lookup and multiply rou
tines. 

Once this pass is com pleted, the arithme
tic gets much more co mp lex. The remaining 
seven passes are performed by a general fast 
Fourier transform algorithm. It begins at 
FPASS by setting up 64 cells of four ele
ments with the pairs separated by two units. 
The vector angle is set to increment by 90 
degrees by setting DELTA to 64. At NPASS 
the pointers are set up for the first cel l and 
the pass then begins with a sine and cosine 
tab le lookup . The complex data pair is then 
processed using the standard fast Fourier 
transform equations : 

TR = RN COS(w) +IN SIN(w) 
Tl = IN COS(w) - RN SIN(w) 

RM .= RM+TR RN' = RM - TR 
IM ' = IM+ Tl IN' = IM - Tl 

After each pair has been transformed the 
angle is incremented by DELTA and the 
next pair processed. When all pairs in a ce ll 
have been transformed the routine moves 
down to the next cell and returns to NCELL 
to continue the process. When the last cell 
has been done, CELCT becomes 0 and the 
pass is complete. 

At the end of each pass the number of 
cells and the angle increment are divided in 
half and the pair se paration and number of 
pairs per ce ll are doubled. The who le process 
is then repeated by branching to NPASS 
until the end of the last pass when the num
ber of cells becomes 0. The routine then 
branches to DONE and returns to the calling 
program. 

The SCALE subroutine is used to antici
pate and prevent overflow of the 8 bit data. 
It is called before each pass and begins by 
testing the value of each data point. If any 
point exceeds the range of -64 to +64 the 
subroutine branches to SCL4 where the en
tire array is sca led down by a factor of 2. 
The variab le SCLFCT is incremented to indi
cate the total number of times the data has 
been scaled . 

The multiply routine has been placed at 
the end of the program to make substitution 
of other versions easy. The original program 
was written for a hardware multiplier similar 
to the devi ce described by Bryant and 
Swasdec in April 1978 BYTE, page 28. To 
eliminate the need for such exotic hard
ware, a software multiply rou tine has been 
substituted with some increase in transform 
time. After the multiplication is completed 
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TERMINALS 
LEAR-SI EGLER ADM 3A 

ADM 31 . . 
ADM 42 ...... . ...... 1795.00 

HAZELTINE 1500 1149.00 
1400 . . . 699.00 

EVERYTHING YOU NEED 

IN SMALL COMPUTER SYSTEMS 


COMPARE PRICE, QUALITY, DELIVERY, SERVICE 

AND YOU'LL SEE WHY YOU DON'T HAVE TO LOOK ANYPLACE ELSE! 


Mod 1 Edit . . . .... . . . . . . 1650.00 1---------------- 

ADDS Regent . . 1095.00 

~E~~~~::T~UMENT 

810 
820 
745 

TELETYPE 43 ~ __:?
' 

·.1199.00 

<.!!!!/ 
_ 

.~. ·~ii:. 

OKI DATA SL 125 2449.00 

110 . . 1199.00 

CENTRONICS 

779 . . .;:;;=1 .. 1294. DO 
l I700 .. .. . . .. -. ... 1520.00 

761 . . . . . . . ..... 2025.00 
703 . . . . . . . ' . ... 2805.00 

We do complete customizing of Hardware 
and Software to meet your specific needs 

SYNCHRO-SOUND ENTERPRISES, INC. 
The Computer People 
193-25 Jamaica Avenue, Jamaica, New 'Ibric 11423 
212/468-7067 TWX 710-582·5886 

~ 
.. ' .... ' ..... 1799.00 
. ............ 2195.00 
...... ....... 1795.00 

VDP 40 .. . . .. . ..... . . . .. 3995.00 
VDP 42 . . . . .. ...... . . .. .4195.00 
VDP 44 . ..... . . . ... .. .. .4495.00 

PCS-80/ 15 .... . . .. . . ... . .... 929. 00 
PCS-80/10 (Kit) . . . . . .. . . ..... 599.00 

NORTHSTAR 

Horizon II (Kit) . . 
 .. 1699.00 

DIGITAL SYSTEMS 

Do~~l~-5~~;;jy.. . .. .4995.00 
Dual Drive Disk . ..... . . . ..... .. . 2745.00 

i----------r 

CROM EM CO 

System 3 .. .. . 
 111 .. ... 5990. 00 

~~~-

MORE SPECIALS 

Decwriter II ... . . . ... . ....... ... .. 1395.00 

Ou me Sprint 5/45 RO .. . ....... . .. .2795.00 

Persci 277 Obie Density ..... . ....... 1395.DO 


SOFTWARE 
Accounts Receivable . ..'!>so. ....... 250.00 

Inventory .......... .'Ss.Q .. .. . .. 250.00 

Order Entry . ... .. .. . 100Q . ... ... 500.00 

Word Processing ..... -~ .. .. .. .195.00 
lncludesOper- Payroll ... . ........ 2'00Q....... 1000.00 

ator's Manual 
and Disk Sort & Merge .. .. ... ' ....... ' . ' 250. 00 


Hours 9-4 Daily 

and Saturday 


Vis it our new showroom 

Working units on display 


Banl<Americard Master Charge 
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Listing 7, continued: 

00144 025F FE 0204 
00145 0262 DF 20 
00146 0264 DE 20 PA1 
00147 0266 A6 00 
00148 0268 E6 01 
00149 026A 36 
00150 0268 18 
00151 026C A7 00 
00152 026E 32 
00153 026F 10 
00154 0270 A7 01 
00155 0272 7C 0021 
00156 0275 7C 0021 
00157 0278 26 EA 

LDX 
STX 
LDX 
LDA A 
LDA 8 
PSH A 
ABR 
STA A 
PUL A 
SBA 
STA A 
INC 
INC 
Br~E 

REAL 
RLPT1 
RLPT1 
0, x 
1, x 

1,x 
RLPT1+1 
RLPT1+1 
PA1 

SET UP PO INTERS 

GET POINTER 
GET RM 
AND RI~ 

SAVE Rt1 
RM'=RM+RN 
STORE NE~l RM' 
GET OLD RM 
RN ' =RM-RN 
STORE RN' 
MO'./E TO NEXT PAIR 

KEEP GOING TILL DOl~E 

00158 ******************************** 
00159 ** COMPUTATION OF FFT ** 
00160 PASS 2 THRU N **** 
00161 ******************************** 
00162 027A 86 40 FPASS LDA A 1164 SET UP PARAMETERS 
00163 027C 97 2A STA A CELNUM FOR CELL courn 
00164 027E 97 2E STA A C>ELTA AND ANGLE 
00165 0280 86 02 LDA R 112 AND FOR 
00166 0282 97 2C STA A PAIRNM PAIRS/ CELL 
00167 0284 97 2D STA A CELDIS DISTANCE BErnErn PAIRS 
00168 0286 BD 0333 NPASS JSR SCALE KEEP DATA IN RANGE 
00169 0289 96 2A LDA A CEU~UM GET NUMBER OF CELLS 
00170 0288 97 28 STA A CELCT PUT IN COUNTER 
00171 0280 FE 0204 LDX REAL SET UP POINTERS 
00172 0290 DF 20 STX RLPT1 
00173 0292 DF 22 STX RLPT2 
00174 0294 FE 0206 LDX !MAG 
00175 0297 DF 24 STX IMPT1 
00176 0299 DF 26 STX IMPT2 
00177 0298 FE 0208 l~CELL LDX SINE 
00178 029E DF 28 STX SINPT 
00179 02A0 D6 2C LDA 8 PAIRNM GET PAIRS/CELL CTR. 
00180 02A2 96 21 NC1 LDA A RLPT1+1 GET POINTER 1 LSBY 
00181 02A4 98 2D ADD A CELDIS ADD PAIR OFFSET 
00182 02A6 97 23 STA A RLPT2+1 SET BOTH POINTER 2'S 
00183 02A8 97 27 STA A IMPT2+1 
0018.4 02AA 37 PSH B SAVE PAIR CTR 
00185 02AB DE 28 LDX SINPT SET UP SINE LOOKUP 
00186 02AD A6 00 LDA A 0, x GET COSINE OF ANGLE 
00187 02AF 97 30 STA A COSA SAl/E or~ BASE PAGE 
00188 0281 A6 40 LDA A 64, x GET SINE 
00189 0283 97 31 STA A SINA AND SAVE IT 
00190 0285 DE 22 LDX RLPT2 GET "REAL" POINTER 2 
00191 0287 A6 00 LDA A 0.x GET RN 
00192 0289 36 PSH A SAVE IT 
00193 028A D6 30 LDA B COSA GET COS INE 
00194 028C BD 036A JSR MPY MAKE RN*COS<A) 
00195 028F 97 32 STA A TREAL SAVE IT 
00196 02C1 32 PUL A RESTORE RN 
00197 02C2 D6 31 LOA B SINA GET SINE 
00198 02C4 BD 036A JSR MPY Rl~*SIN<A ) 

00199 02C7 97 33 STA A Til1AG 
00200 02C9 DE 26 LDX IMPT2 GET IMAG. POINTER 2 
00201 02C8 A6 00 LDA A 0, x GET IN 
00202 02CD 36 PSH A SAVE IT 
00203 02CE D6 31 LDA B SINA GET SINE 
00204 0200 8D 036A JSR MP'/ lN*SIN<A) 
00205 0203 98 32 ADD A TREAL TR=RN*COS+ Ill>t<S IN 
00206 02[)5 97 :?.2 STA A TREAL 
00207 02D7 32 PUL A RESTORE IN 
00208 02DB D6 30 LDA 8 COSA GET COSINE 
00209 02DA BD 036A JSR MP't' lN*COS<A> 
00210 02DD 90 33 SUB A TI MAG TI= I N*COS-RN*S II~ 

00211 02DF 97 33 STA A TI MAG 
00212 02E1 [1E 20 LDX RLPT1 
00213 02E3 A6 00 LDR A 0, ~: GET RM 
(10214 02E5 16 TAB SAVE IT 
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the data must be scaled up by a factor of 
2. This is because the sine and cosine terms 
represent fractional binary values. The least 
significant bit is shifted in from the lower 
byte to preserve accuracy . 

Analyzing the Results 

After working with all this mathematics 
and software, what do you end up with ? We 
started with a 256 point time domain sample 
in REAL. The fast Fourier transform con
verts this to a frequency domain sample cor
responding to the spectrum of the input. 
The first element of each array represents 
the DC component of the input. The next 
element represents the sine wave with period 
equal to the duration of the input sample. 
Each remaining element depicts a multiple 
of this frequency until the middle of the 
array is reached, representing 128 cycles per 
period. The remainder of the array is sym
metrical to the first 128 points . 

Each element in the REAL and IMAG 
arrays represents information about one fre
quency component of the input sample . But 
why do we end up with two arrays, and 
what do the cosine terms of REAL and the 
sine terms of IMAG really mean to us? Usu
ally this information is described in terms of 
amplitude and phase of the component, and 
often the phase information is of little inter
est. The cosine and sine terms represent the 
X and Y components of a vector with length 
and angle equal to the amplitude and phase 
terms that we are after. All we have to do is 
find the length of the vector from the square 
root of the sum of squares of the cosine and 
sine terms. 

The only problem is that this calculation 
requires almost as much time as the trans
form, due to the square root. If we bypass 
the root and display the sum of squares (the 
power spectrum) we miss most of the detail 
of the lesser components. I have found that 
the highly unmathematical solution of dis
playing the sum of the absolute values is fair
ly satisfactory , although it introduces some 
error in the relative amplitude of peaks. This 
value is then sent to a digital to analog con
verter for display on an osci lloscope. 

Putting the Fast Fourier Transform to Work 

This program has a number of interesting 
applications for speech recognition , image 
processing, and the synthesis of musical in
struments. A recent issue of The Computer 
Music journal even describes a program for 
transcribing recordings back into sheet music 
(sec bibliography, page 118). 



__ _____ 

MEASUREMENT 
systems &.. controls 

PROUDLY ANNOUNCES : 
64K BYTES OF RAM 

6~~:$695 

NOT A KIT 


FULLY ASSEMBLED 

COMPLETELY TESTED 


ON BOARD CRYSTAL &. 

TIMING OSCILLATORS 


COMPATIBLE WITH PROPOSED IEEE S-100 TIMING STANDARD 

SPECIFICATIONS &.. FEATURES: 

• 	64k byte dynamic RAM with on board 
transparent refresh. 

• S-100 interface compatible with crystal 
controlled timing INDEPENDENT of 
bus or processor timing. 

• 	No wait states or cycle stealing with 
8080 or Z-80 to4Mhz. Up to 5 
Mhz with wait states. 

• 	200ns access time and 375ns cycle 
time memory devices. 

• DMA compatible to IMhz rate. 
•Inputs buffered with 1 LS TTL load. 
• Outputs are all tri-state. 
•Memory selectable and deselectable 

in 4k increments to 64k. 
• 	Phantom-memory disable jumper 

selectable on pin 67. 
• 	Low power on board voltage regu 

lators. 

• Reliability - all boards are fully tested: 
a. bus address 	&.. control line 

maximum timing skew tests. 
b. "soft" error tests. 
c. 	word pattern sensitivity tests. 

II MC~ 

d. 	all boards burned-in. 

•Full documentation 
•Industrial quality design&.. compo

nents. Glass epoxy boards. Silk 
screened legends. Gold plated 
edge connector contacts. 

•Delivery stock to 30 days. 

Guaranteed performance for one 
year on parts &.. labor. Full refund 
if returned undamaged in 14 days. 

867 North Main Street • Orange. California 92667 • (714)633 - 4460 

I wo uld like t o order the following fully assenbled and tested RAM: 

lotldel 6400, 64k RAM- $695.00 

M::>del 4800 , 48k RAM- $559.00 

~bdel 3200 , 32k RAM-$429.00 

M::>del 1600 , 16k RAM - $295.00 


Enclosed is check or m ney or der for: 

(Calif. residents please add 6\ sales tax . Please allow 14 days for 

checks t o clear the bank . Thank you . ) 


Pl ease bill my VISA or MASTERCHARGE account . 


C.ard nuroe r : Expiration date : - 
Four(4) digit s above name on MASTERGlARGE card: _ ____ 


Name 
--------------..... 

Address 

City State Zip 

h 


p One_M_E_A_S_U_R_E_M E_N_T __ 

systems &.. controls 

867 North Main Street • Orange Ca l ifornia 92668 
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http:RAM-$429.00
http:RAM-$559.00
http:RAM-$695.00


Ci rcle 2 on inquiry card. 

MAXIMIZE 

YOUR MICRO! 

8080/Z80 System Software 
Purchasing a microcomputer system, even at 

today's low prices, is a significant investment. 

And to utilize that investment to its full extent 

requires a solid base in system software. Don't 

just accept what comes with your hardware . .. 

there's a better alternative! 


O P US/ ONE: Business-oriented, block-struc

tured high-level language. Includes such 

capabilities as extended arithmetic precision 

(up to 55 digits), multi-character variable 

names, and easy to use string operations. 

Includes a built-in DOS with random access 

files . 

OPUS/ ONE . . .. . .. .. ... - - . .. .. . .. $99.00 


OPUS/TWO : Extends the capabilities of 

OPUS/ ONE with such features as error trap

ping, machine code and OPUS subroutine 

calls, overlays, and more disc file commands. 

OPUS/TWO ..... _.... ... . ... ... $I95.00 


FORTE: An OPUS run-only system monitor, 

perfect for end-user installations. Runs all 

OPUS Language programs. 

FORTE . ... . - - . . ... . . . . . .. ... . . .. $60.00 


S .O.S.: (Single-user Operating System) A full 

function DOS which includes OPUS/ THREE, 

a text editor (TEXTED), an assembler 

(ASSEMBL), and a package of useful system 

utility programs. 

s.o.s... .. .. ...... ---.... ... -.. - $385.00 


TEMPO S: The ultimate microcomputer 
system software package. A multi-user/ mul ti
tasking DOS which will handle up to 7 
interrupt-driven terminals simultaneously, in a 
true time-sharing environment. Includes 
OPUS/ THREE, TEXTED, ASSEMBL, and 
many utility programs. 
TEMPOS . . . . . . ___ . . . _ . - . ... .. . . $785.00 

All packages are upward-compatible. That is, 
programs and data developed under 
OPUS/ ONE may be run at any higher level, up 
to and including TEMPOS. 

Standard device drivers are available for many 
common peripherals; all packages include 
System Generation capability, allowing the 
user to interactively add drivers for any VO 
device, including disc drives. 

Like to know more? Circle the inquiry number 
below or contact your dealer for your free 
copy of our system software brochure! For 
complete information, order your user's 
manual now, and we'll apply the price toward 
purchase of the software. Please add $1.50 per 
manual (set) for shipping/handling within the 
U.S. (Master Charge and VISA accepted). 
OPUS User's Manual .. . ..... .... .. $12.50 
S .0 .S. Set (inc. OPUS Manual) .. .. . $20.00 
TEMPOS Set (incl. OPUS Manual) .. $20.00 

Dealer & 0.E.M. inquiries invited. 

ADMINISTRATIVE 

DDSYSTEMS 

DDDINC. 

DD 

1642 S. Parker Road, Suite 300 

Denver, Co lorado 80231 


(303) 755-9694 
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Listing 7, continued: 

£10215 02E6 9B 32 
00216 02E8 A7 00 
00217 02EA DE 22 
00218 02EC D0 32 
00219 02EE E7 00 
00220 02F0 DE 24 
00221 02F2 A6 00 
00222 02F4 16 
00223 02F5 9B 33 
00224 02F7 A7 00 
£10225 02F9 DE 26 
00226 02FB D0 33 
00227 02FD E7 00 
00228 02FF 96 29 
00229 0301 9B 2E 
00230 0303 97 29 
00231 0305 7C 0021 
00232 0308 7C 0025 
00233 0308 :n 
00234 030C 5A 
00235 030[> 26 :n 
00236 030F 96 21 
00237 0311 98 2D 
00238 0313 97 21 
00239 0315 97 25 
00240 0317 7A 002B 
00241 031A 27 03 
00242 031C 7E 029B 
00243 
00244 ** 
00245 ** 
00246 031F 74 002A NP1 
00247 0322 27 0C 
00248 0324 78 002C 
00249 0327 78 002[) 
00250 032A 74 002E 
00251 032D 7E 0286 
00252 
00253 
00254 
00255 
00256 0330 39 
00257 0331 0002 
00258 
00259 
00260 
00 261 
£10262 0333 FE 0204 
00263 0336 5F 
€10264 0337 37 
00265 0338 C6 02 
00266 033A A6 00 
00267 033C 08 
0026::: 0330 :::1 C0 
00269 033F 22 04 
00270 0341 81 40 
00271 0343 24 08 
00272 034:;, 5A 
00273 0346 26 F2 
00274 0348 33 
£10275 0349 :;.A 
00276 034A 26 E8 
00277 034C 39 
00278 034D 33 
00279 034E 7C 002F 
00280 0351 FE 0204 
00281 0354 5F 
00282 0355 37 
00283 0356 C6 02 
00284 0358 A6 00 
00285 035A SB 80 

ADD A TREAL 
STA A 0, X 
L[>X RLPT2 
SUB B TREAL 
STA 8 0,X 
LOX ll1PT1 
LDA A 0,X 
TAB 
ADD A TIMAG 
STA A 0,X 
LOX IMPT2 
SUB 8 TIMAG 
STA 8 0, X 
LDA A SINPT+1 
ADD A DELTA 
STA A SINPT +1 
INC RLPT1+1 
INC IMPT1+1 
PUL B 
DEC 8 
BNE t·lC1 
LOA A RLPT1+1 
ADD A CELDIS 
STA A RLPT1+1 
STA A IMPT1+1 
[>EC CELCT 
BEQ t~P1 

JMP NCELL 

GET lt1 
SAVE IT 
111'=111+Tl 

INCREMENT ANGLE 

INCREl1ENT POINTERS 

GET PA IR COUIHER 
DECREMENT 
DO NEXT PAIR 
GET POINTERS 
ADD CELL OFFSET 

DECR. CELL COUNTER 
NEXT PASS? 
r~o. DO NEXT CELL 

CHANGE PARAMETERS FOR NEXT PASS ** 

LSR CELNUl1 HALF AS 11A tW CELLS 
BEQ DONE NO MORE CELLS 
ASL PAIF<:rm TWI CE AS MANY PAIRS 
ASL CELDIS HJ! CE AS FAR APART 
LSR DELTA HALF THE ANGLE 
JMP NPASS DO l~EXT PASS 

******************************** 
** END OF FFT ROUT !NE ** 
******************************** 
** 
DONE RTS EXIT FFT SUBROUTINE 

RMB 2 ROOM FOR JUMP EXIT 
'~* 

*************** '~************* 
** 01/ER- RANGE DATA SCALE ** 
***************************** 
SCALE 


SCL1 


SCL2 


SC:L3 


5CL4 


SCL5 


5CL6 


LDX REAL SET UP DATA PO ItHER 
CLR B SET UP PAIR CTR 
PSH B SAVE PAIR CTR. 
LDA B 112 SET UP PAIR 
LDA A 0,i\ GET DATA 
IN X BUMP PO INTER 
CMP A 11$C0 TEST LOl·IER LI 11 IT 
BHI SCL3 SKIP TO NE XT POINT 
CMF' A 11$40 TE ST UPPER LIMIT 
BCC SCL4 SCALE IF OUT OF RAt~GE 
DEC B TEST NEXT POINT 
Bl~E 5CL2 
PUL B 
DEC B 
BNE 5CL1 
RTS DONE TESTING 
PUL B RESTORE STACK 
INC SCLFCT BUMP SCALE FACTOR COUNT 
LOX REAL SET UP TABLE PTR. 
CLF: 8 SET UP PRIR CTR 
PSH B SAl/E IT 
LOA B 11 2 SET UP PAIR 
LDA Ft 0,X GET DATA 
ADD A 11$80 MAKE IT ABSOLUTE 



To get meaningful information from the 
transform, the input data must be sampled 
judiciously. While this program in theory is 
capable of analyzing 128 harmonics of a 
given sample, th is is only true when the 
input represents exactly one complete cycle 
o~ ·the waveform being analyzed. Most data 
just doesn't come packaged that way. 

To accurately measure the pitch of a 
sound you must sample many cycles. To 
analyze harmonics you want to sample few. 
The best result for real data wil I always be a 
compromise between range (bandwidth) and 
resolution. Both can be increased only by 
analyzing more points, which takes more 
time. 

After experimenting with one sample at a 
time you will probably want to try continu
ous analysis. The input data pointer at hexa
decimal address 0202 can be moved through 
an input buffer by the program that calls the 
transform. At roughly three seconds per 
transform, the data cannot suitably be ana
lyzed in real time. A sample of a few seconds 
of data can be continuously analyzed and 
the changes slowly displayed. This is proba
bly most easily accomplished by transferring 
the "sum of absolute value" data to a dis· 
play buffer which is then scanned by an 
interrupt driven display program. 

Bigger, Better, and Faster 

Like most software, this program exists 
to be rewritten . No attempt was made to op· 
timize execution speed . Preliminary ex peri · 
ments with an MMl-67558 hardware multi
plier took slightly under one second. This 
relatively minor improvement was probably 
due to the time wasted in moving the data in 
and out of the multiplier . Perhaps it can be 
streamlined to the extent that a continuous 
display can be created. I plan to try a version 
for the 6502 microprocessor with hope of 
adding still more speed. 

The algorithm is simple enough so that 
conversion should be easy. Enterprising 
8080 and Z-80 enthusiasts shouldn 't have 
too much trouble adapting the principles to 
their computers, either. Conversion to 
double precision or 512 to 1024 points 
should also be possible, although the present 
addressing scheme would have to be aban
doned. 

I hope this program will provide you with 
a tool that will be a lot of fun to play with. 
Please write and tell me what uses you find 
for it and any improvements you would like 
to suggest. 

Continued on page 118 

Listing 7, continued: 

00286 035C 44 LSR A DIVIDE IT BY 2 
00287 035D 80 40 SUB A 11$40 MAKE IT 2'S COMP. 
00288 035F A7 00 STA A 0, x 
002~:9 0361 08 rnx BUt1P POINTER 
00290 0362 SA DEC B t~EXT POWT 
00291 0363 26 F3 BNE SCL6 
00292 0365 33 PUL B 
00293 0366 SA DEC B NEXT PAIR 
00294 0367 26 EC Bt~E SCL5 
00295 0369 39 RTS RETURN 
00296 ******************************** 
00297 ** 2'5 CO MP. MULTIPLY SUBR. ** 
00298 ******************************** 
00299 036A '.~7 37 MPY STA A MPA+1 STORE t1UL TI PLIER 
0fG00 036C D7 39 STA B MPA+3 AND MULTIPLICAND 
00301 036E 4F CLR A 
00302 036F 97 36 STA A MPA CLEAR MSB ' S 
00303 0371 97 38 STA A 11PA+2 
00304 0373 97 34 STA A MSB',.' CLEAR PRODUCT 
00305 0375 97 35 STA A LSBY 
00306 0377 50 TST B 
00307 0378 2C 03 BGE MPY1 NEGATIVE MULTIPLICAND ? 
00308 037A 73 0038 COM MPA+2 EXTEND NEG TO MSB 
00309 037D 7D 0037 MP'l1 TST MPA+1 
00310 0380 2C 03 BGE MPY2 NEG MULTIPLIER ? 
00311 0382 73 0036 COM MPA EXTEND t~EG TO MSB 
00312 0385 C6 0F MPY2 LDA B 1115 SET UP COUIHER 
00313 0387 77 0036 MP'i3 ASR MPA SHIFT X RIGHT 
00314 038A 76 0037 ROR MPA+1 
00315 038D 24 0C BCC MPY4 BIT ~IRS ZERO 
00316 038F 96 39 LDA A MPA+3 ADD Y TO PRODUCT 
00317 0391 98 35 ADD A LSBY 
00318 0393 97 35 STA A LSBY 
00319 0395 96 38 LDA A MPA+2 1158 ' 5 
00320 0397 99 34 Ar>C A MSB'I 
00321 0399 97 34 STA A MSBY 
00322 0398 78 0039 11F",'4 ASL MPA+3 SHIF.T 'r LEFT 
00323 039E 79 0038 ROL MPA+2 
00324 03A1 5A DEC B 
00325 03A2 26 E3 BNE MP't'3 
00326 ** 
00327 ** SCALE IT UP ** 

** 
00329 03A4 96 34 LDA A MSBY 
00330 03A6 79 0035 ROL LSB',' 
00331 03A9 49 ROL A 
00332 ** 
00333 ** RETURI~ ~JITH PRODUCT W A 
00334 ** 
(1033S 03AA 39 RTS 
00336 ******************************** 
00337 ** END OF FFT PROGRAM ** 
00338 ******************************** 
00339 END 

INPUT 0800 REALT 0500 IMAGT 0600 SWET 0400 
RLF'Ti 0020 RLPT 2 0022 IMPT1 0024 IMPT2 0026 
SHIPT 0028 CELNUM 002A CELCT 0028 PAIRNM 002C 
CELDIS 002D DELTA 002E SCLFCT 002F COSA 0030 
SINA 0031 TREAL 0032 TIMAG 0033 MSBY 0034 
LSBY 0035 11PA 0036 INPD 0202 REAL 0204 
!MAG 0206 SINE 0208 START 020A CLEAR 020D 
CLR1 0211 MOVE 0217 110'./1 0221 BITREI/ 0238 
BRl/1 023C 5~JAP 0249 S~JP1 0257 PASS1 025C 
PA1 0264 FPASS 027A NPASS 0286 NCELL 029B 
NC1 02A2 NP1 031F C>ot~E 0330 SCALE 0333 
SCL1 033:7 SCL2 033A 5CL3 0345 SCL4 034D 
SCL5 0355 SCL6 0358 MPY 036A MPY1 037D 
MP'r'2 0385 MP'IJ 0387 MPY4 0398 

TOTAL ERROF:S 00000 
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5100 CARDS-100 PLUG CONTACTS-Convenient universal 
tinned pads and bus l ines. For interface, memory expansion, 
breadboarding. Mount almost anything anywhere on card. 

5100 CONNECTORS for WIRE WRAPPING or SOLDERING 

BEAUTIFUL 
NEW VECTOR.PAK 

Model VP2 

VECTOR 
PACKAGING MATERIALS 
SAVE TIME & MONEY 

CASES for micro-computer 
circuitry, assembled. Constructed 
of aluminum, finished in vinyl. Slide out covers for easy 
access. Includes card guides, heavy chassis plate, perforated 
bottom cover for cooler operation . 
Card guides perpendicular to front panel, Model VP1, $163.00. 
Card guides parallel to front panel , Model VP2, $159.00. 

Model 
8803 

S100 MOTHERBOARD, $29.50. 11 positions ready for 
connectors. Glass epoxy. etched circuitry for passive or 
active termination, 12 tantalum capacitors and instructions. 

PLUS revolutionary Slit-N-Wrap wiring tools, Micro-Vector 
bord,® printed circuit kits, l.C. sockets, extenders. 

Prices subject to change without notice. 
Send for new catalog. 

@VECTOR ELECTRONIC COMPANY, Inc. 

12460 Gladstone Avenue, Sylmar, CA 91342 


phone (213) 365-9661, twx 910-496-153

Our toll-free numt>er which can De usea bv cus~omers 

outside of California Is 800-423·5659 5'0777 
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Listing 2: The object code listing in hexadecimal format of 
the assembly language program given in listing T. This list
ing can be used to manually enter the program or as a con
firmation copy for the PAPERBYTE1m bar code repre
sentation given in figure 2. The format used for this listing 
is a 2 by te address field, followed by up to 76 bytes of 
data, with a 7 byte checl? digit at the end of each line. 
Note that the data in hexadecimal locations 0400 to 04FF 
constitute the sine and cosine !oolwp table which must be 
loaded with the transform subroutine. 

0200 20 O~ OK 00 05 00 06 00 04 00 7F 00 2F FE 02 06 Fl 
02 10 5F 6F 00 08 SA 26 FA FE 02 0 2 DF 20 FE 02 04 DF 34 
0220 22 DE 20 A6 00 OK DF 20 DE 22 A7 00 7C 00 23 26 l9 
O!JO FO FE 02 04 DF 20 DF 22 C6 OS 96 21 4 6 79 00 2.1 5 11 
0240 SA 26 F9 96 23 91 21 ZS OE DE 20 A6 00 DE 22 Efi Al 
0250 OU A7 no DE 20 E7 00 7C 0 0 21 26 DC 8D 03 3] FE IC 
0260 02 04 DF 20 DE 20 A6 00 E6 0 1 36 I D A7 00 32 10 CA 
0 270 A7 01 7C 00 21 7C 00 21 26 EA 86 40 97 ZA 97 2£ 3E 
OZKO Kfi 02 97 2C 97 20 OD Ol 33 96 2A 97 28 FE 02 04 88 
0290 OF 20 DF ZZ FE 02 06 DF 24 OF 26 FE 02 OS DF 28 ID 
OZAO D6 lC 96 2 1 9 8 2D 97 2l 97 27 J 7 DE 28 A6 00 97 7l 
02 110 JO A6 40 97 3 1 DE 22 A6 00 36 D6 JO 8D 03 6A 97 8 1 
02CO l2 l2 D6 3 1 DD 03 6A 97 ll DE 26 A6 00 ]6 D6 3 1 4 6 
02DO BD 03 fiA 98 32 97 32 32 D6 JO 8D OJ 6A 90 JJ 97 7C 
U2EO J3 DE 20 A6 00 16 98 32 A7 00 DE 22 DO J2 E7 00 4A 
02FO DE 24 A6 00 16 98 l3 A7 00 DE 26 DO J3 E7 00 96 87 
0300 29 98 ZE 97 29 7C 00 21 7C 00 25 3J SA 26 93 96 CC 
0310 2 1 98 2D 97 21 97 25 7A 00 28 27 03 7E 02 98 74 BB 
OJ20 0 0 ZA 27 OC 78 00 ZC 78 00 2D 74 00 2E 7E 02 86 4E 
03]0 lY 00 00 FE OZ 04 SF 37 C6 02 A6 00 08 Si CO 22 AC 
0 40 04 ~I 40 24 08 SA 26 Fl JJ SA 26 EB 39 l3 7C 00 E9 
0350 2F FE 0 2 04 SF 37 C6 02 A6 00 8B 80 44 80 40 A7 ED 
0360 00 OR 5A 26 Fl Jl SA 26 EC 39 97 37 0 7 39 4F 97 17 
0370 lfi 97 l8 97 34 97 l5 5D 2C OJ 73 00 38 70 00 37 87 
OlNO 2C 03 73 00 36 C6 OF 77 00 J6 76 00 37 24 OC 96 CD 
0390 39 9 9 JS 97 3S 96 38 99 34 97 34 78 00 39 79 00 6' 
OJAO JX 5A 26 El 96 34 79 00 3S 49 39 9, 
0400 7F 7F 7F 7F 7F 7F 7E 7E 70 7D 7C 78 7A 79 78 77 C9 
0410 76 7S 73 72 71 6F 60 6C 6A 68 66 65 63 61 SE 5C A4 
0420 5A SN 56 SJ 51 4E 4C 49 47 44 41 JF JC 39 36 33 78 
0430 J I ZE 2B 28 25 22 I F IC 19 16 12 OF OC 09 06 03 A2 
0440 00 FD FA F7 F4 Fl EE Er\ E7 E4 El DE DB D~ D5 02 8F 
04SO CF CD CA C7 C4 Ci BF BC B9 B7 84 82 AF AD AA A8 Bl 
0460 A6 A4 A2 9 F 90 98 9A 9S 96 94 93 91 RF SE SD 88 IS 
0470 8A S9 88 87 86 SS 84 83 83 82 82 81 SI SI SI 81 40 
0480 81 8 1 8 1 81 81 81 82 82 83 SJ S4 85 86 87 88 89 37 
0490 N,\ 8 1! 80 8E 8F 9 1 93 94 96 98 9A 98 9D 9F A2 A4 SC 
04AO A6 AS AA AD AF 8 2 B4 B7 89 BC BF C i C4 C7 CA CD RN 
0 480 CF DZ 05 D8 08 DE E l E4 E7 EA EE Fl F4 F7 FA FD SE 
04CO Oil 03 06 09 OC OF 12 16 19 IC IF 22 25 28 2B 2E 71 
04DO ll JJ 36 39 3C 3F 41 44 47 49 4C 4E 5 1 53 56 58 4F 
04EO SA SC SE 61 6J 65 66 68 6A 6C 60 6F 7 1 72 73 75 88 
U4FO 76 77 78 79 7A 78 7C 7D 7D 7E 7E 7F I F 7F 7F 7F CO 
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Approaching Game Program Design 


H L Stuck One of the common ap plications of a 
POB 2207 personal computer system is developing and 
Chapel Hill NC 27514 playing game programs. There are various 

ways the compu ter can be used in game 
playing. First, it can be used in the analysis 
of games such as poker and blackjack. The 
analysis has generally been done in an effort 
to get a deeper understand ing of tactics and 
strategy . Another use is having the computer 
assist in the play of a game. Sports gives 
examples of th is . The computer can analyze 
pl ay patterns to provide the coach with 
information . In assisting, the computer can 
1·emember prev ious plays and provide advice 
on what moves should be made based on 
past ex periences. Table 1 summarizes some 
of the ways computers can enter the fie ld of 
gamesma nsh ip. 

The common use of the personal com
puter in games is as a game master. The 
prog1·am serves as a bookkeeper and a rule 
user. It enforces the rules, and , hopefully, 
explains them . A further use of a game pro
gram is where the program is a partic ipant. 

Most game programs act as game master 
and quite a few provide a game pl ayer func
tion. Some games provide a form of ad
visor, but generally the advisor function 
is in the form of unrequested information 
warning the player when certain conditions 
have occurred. 

Design 

It may be obvious that the program de
sign is a separate activity from coding the 
program. Rare ly does it make sense to start 

Bookkeeper 
Rule User 
Rule Enforcer 
Rule Explainer 

Game Master 

Game Player Acts as one or more players. 

Provides analysis and suggests moves. Game Advisor 

Table l: There are three basic functions a computer may perform in game 
playing. It can l<eep tracl< of the rules and permissible mo11es of an entire 
game,· it may review the current state of the game and provide advice as to the 
best move; or it may act as an actual player. The game player function is 
actually composed of both the game master and advisor functions. The game 
master function notifies the game player function about the rules. The 
ad11isor function is used to decide wh ich move will be made. 
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programming right off. Qu ite often, some
one starts programming beca use they under
stand part of the problem and believe it is 
easier to program th e section that is known 
and let the rest fa ll into place. Th e probl em 
with this method is that it is like building a 
house without a plan. It is much eas ier to do 
the plumbing and wiring as the rest of the 
house is being built. Likewise, the failure to 
have a plan of the program before codi ng 
begins can cause major changes in parts that 
were coded before the program design is 
complete. 

For very simple game programs it is 
possible to go from concept to program 
with no intermediate steps. As the game 
program gets large r it gets increasingl y diffi
cu lt to avo id an intermediate step or steps. 
Doing a large game in a single leap from con
cept to program usually results in a ro ugh 
program requiring extens ive debugging and 
modification before it is functional. As 
changes occur, the program grows in com
plexity. Hopefully , the program converges 
on the desired result. Most often, the process 
and the end result leave som ething to be 
desired. If th e program is to be used by 
anybody else, and especia ll y if it may be 
modified by someone besides the designer, 
a thorough groundwork should be laid . Fim 
the game is designed, then comes the 
program design stage, followed by the 
implementation of the program. 

Assuming that you al 1·eady have a game 
design mapped out, we can discuss the actual 
design of the program . This discussion is for 
single terminal games and does not specifi
cally cover either multiple terminal game 
program design or real time game program 
design. Program design is broken into two 
sections, external design and in tern al design. 
Extern al design covers what the user of a 
game program sees and notices. In tern al 
design discusses the implementation of th e 
game. 

External Design 

The first suggested step is to write an 
abbreviated game description, such as listing 
2, to show what you are trying to do. Try 
to answer some of the following questions. 
Who will be the end users of the game? 



The MIME from 
Micro-Term is really 
four terminals in one. By 
simply selecting the appropriate setting, you can 
command it to react to computer outputs just like 
Lear Siegler's ADM3A~ Hazeltine's 1500~ DEC's VT52 '1!) 
and Micro-Term's Act IV would react. Imagine, one 
terminal to do the work of four! 

And the MIME isn't merely a mimic. When you 
change its control code assignment, it becomes software 
compatible with programs written on any of the above 
terminals. In addition, the user can select an enhanced 
mode of operation which adds the entire repertoire of 
MIME features to the set of features contained in the 
code assignments of the other four terminals. And you 
don't sacrifice software compatibility! 

Some of the many standard features you will find on 
the MIME include: 
• Printer port • Current loop and RS232 interface • 
Absolute cursor position • Protected fields • Cursor 
controls • Graphics mode • Hold screen mode • Insert/ 
delete line • Print line and screen • Send line and 
screen • Request cursor position • Reverse line feed • 
Tab • Underline 

The MIME from Micro-Term . . . mime is an art, 
Micro-Term has made it a science. 

AND NOW FROM MICRO-TERM ...THE ACT V. 
Another value story from Micro-Term, the Act Vis 

software compatible to the Act IV yet has many 
additional features. A separate numeric key pad is just 
one of the extras you'll find on this new terminal. 

Other standard features include: 
• Printer port • Current loop and RS232 interface • 
Data rates from 110 to 9,600 baud •Absolute cursor 
position • Protected fields • Display control codes • 
Graphics mode • Insert/delete character and line• Print 
line and screen • Send line and screen • Underline 

The Act V... only $865 . . . 
simplified circuitry inside, 
beautiful design outside. 

All Micro-Term products 
are fully assembled, tested 
and guaranteed for 90 days. 
All prices quoted here are 
single unit prices . 

.. 
mlCRO-TERm,inc. 

1314 Hanley Industrial Ct.• St. Louis, MO 63144 • 968-8151 
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Request for Input: 
HOUR 7, AT WHAT ANGLE DO YOU WISH TO SEND 
YOUR PROTON BOMB? 200 
HOW FAR OUT DO YOU WISH TO DETONATE IT? 150 

Original Response : 
YOUR PROTON BOMB EXPLODED 14159.9 FROM THE 
ROMULAN SHIP. 

New Response: 
AT ANGLE 200, RANGE 15,000 

EXPLODED 14159.9 FROM THE ROMULAN SHIP. 
Original Ending: 

If successful: 
YOU HAVE SUCCESSFULLY COMPLETED YOUR MISSION . 

If unsuccessful: 
YOU HAVE ALLOWED THE ROMULANS TO ESCAPE . 

New Ending : 
If successful: 

SHIP EXPLOSION AT ANGLE 217 DISTANCE 26100. 

YOU HAVE SUCCESSFULLY COMPLETED YOUR MISSION . 


If unsuccessful: 
A SHIP WENT INTO WARP DRIVE AT ANGLE 37 DISTANCE 10800. 
THE ROMULANS HAVE ESCAPED. 

Listing 1: Feedback is an important part of a game program. Without infor
mation returning to the players it can be difficult to improve play strategy. 
The original program responses in the example were scanty and did not give 
much information about what was happening. In the original program the 
ending summary leaves the players wondering how to improve their games 
since it is impossible to tell exactly how close they were to winning. In the 
new version, it is possible to check over the response and alter strategy on 
the basis of the given information. 

What age bracket will the end users be in ? 
Is the same game playable by 5 year olds 
and by persons with doctorates? What is the 
target market? Will it be just a program or 
will it be a program product with the gen 
eralization, testing, and documentation 
that such entails? How long should the 
game run? What are the variations in th e 
playing time? How does the game begin? 
A lot of game programs just begin. They 
give no prologue, no query to as k the user 
if the game is fami li ar and if th e pl ay pro
cedure is understood. 

In group simulation games, a perso n acts 
as moderator. The mod erator normally gives 
an introduction , which provides orientation 

Listing 2: Game design and instructions. When th e simulation ends, 
outlines such as this are a the moderator provides a summary. Th is 
great aid when develop wrap-up allows the partici pants to discuss 
ing a game. This type of with the moderator what happened during 
written description helps the game. 
to formulate clearly the Likewise , a game program should give the 
main purposes ofthe game. 

Game: Mazewizard Version 0 
Description : Mazewizard is a game in which the player is a wizard in a three-dimensional 

maze attempting to collect treasure. 
Playing Data : 

Age Level : Ten years to adult. 
Number of Players: One. 
Playing time:Ten to twenty minutes. 

Game Start: Ask i f the player wants a description of the game. If so, print out a brief 
description of the game and how moves are made. 

Game Play : The player enters a move direction. Treasure is automatically accumulated. 
The portion of the maze that can be seen is printed. 

Game 	Termination: Play ends three ways. First, hal f of the treasure is found. Second, 
the player encounters a fatal maze hazard , ending play . Last, a player requests 
termination by entering a move of no change. In all three cases, the total treasure 
found will be printed, and the average treasure found per move is printed. 
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player feedback at the end. Every pinball 
machine and gaming device in an amusement 
park counts points on some basis to give 
the player a measure of performance; a 
game program should do likewise. In 707 
Computer Games the program for Orbit 
al lows seven hours to shoot down a 
Romu lan ship. If the seven hours pass, that 
is that. The player has no idea where the 
Romulan ship was when it left orbit. Simi 
larly, even if the sh ip gets shot down by a 
photon bomb, the only result is th at the 
player knows the ship has been destroyed. 
The simple addition of information such as 
the orbit and specific position in the orbit 
gives desirable feedback. Listing 1 shows this 
type of feedback in an example output. 
The player now knows whether or not the 
hypothesis being used was even close. Giving 
a recapitulation in a game program can kee p 
the user coming back to play it again. 

The amount of feedback given may 
depend on the output device. A teletype
writer is slow; a player may get impatient 
waiting for long messages to be delivered . 
A video terminal can display a screen full of 
information in very little time. Too much 
feedback may not be good, but a player 
does not have to read all the information 
presented . However, a player cannot use 
what a program does not give as feedback . 

One area often overlooked when design
ing a program is causes of termination. In 
group simu lation games, a moderator can be 
told to quit while ahead . A moderator can 
also determine if further pl ayi ng is futile 
and can end the simulation. Some game 
programs are open ended and will run for
ever. A program should allow the user to 
terminate the program in an orderly fashion . 
Even better is the ability of the player to 
restart the game where it was stopped. 

A part of the external design is what the 
user sees and does to begin and end a game. 
Another part of the external design is to 
determine how information is entered for 
play of the game. 

Now that you have written down the 
goals of the game and some of the factors 
of the program, you shou ld make some 
fake output. Show wh at a typical run of the 
game program might look like. Make up out
put showing how the program begins, how 
the play begins, and what introductory and 
help information is displayed. If turns are 
repet itive, only a few turns need be shown. 
Show what happens when the game ends. 

The next step is for the program designer 
to make up a set of user instructions. The 
information shown in th e sample output 
of listing 2 serves th is purpose for a gam e 
call ed " Mazewi zard." In some cases other 



'MyStructured Systems 
business software has paid 
for itself in labor hours 
saved alone." 

Mr. Ken "ll.mnah, Colloid-A-1ron Inc., Buffalo, New York 

Says Mr. Tunnah: "The program is designed 
from a CPA standpoint, for multiple corporations, 
which we have. It is flexible and gives me the 
ability to change reporting by profit centers 
easil!J· It is up and running quickly, and it just 
keeps on running. I think it's the best business 
software available." 

The best software available. That's what Structured 
Systems Group set out to create. 

Structured Systems offers three sophisticated 
accounting systems. Our General Ledger software is 
big enough for multi-client write-up by the CPA, or 
multi-corporate reporting for the business, but small 
enough for the micro budget. The very comprehensive 
Accounts Receivable and Accounts Payable packages 
will operate independently, or they will coordinate with 
the General Ledger. 

Our systems record transactions easily and cor
rectly, and provide an audit trail from source document 
to financial statements. And they will maintain monthly 
and year-to-date information in dollars and in 
percentages. And they are reliable. 

The three systems interact with the 
user to set up parameters such as p..c:A1f'$;_'<
format and headings, account ~ 
titles and numbering, 
automatic billing or reminder 
notices, credit limits, sales 
reports, a check register, 
and much more. 

Ken "li.mnah is one 
of many innovators 
bringing Lhe micro 
revolution to Lhe 
smal l business. As 
a programmer, he 
knows computers 
and the ir languages. 
As a businessman, 
he knows business 
and its languages. 
And when Mr. Tunnah 
decided to micro
computerize the ac
counting function al 
Colloid-A-Tron, he 
turned to Structured 
Systems software. 

The software is designed to run on an 8080 or Z-80 
CPU with 48K of memory, dual disks with CP!M®, 
printer, keyboard, and CRT. To make it all work for you, 
we have provided the most extensive documentation 
and support in the industry. 

We provide the capability to computerize complex 
accounting functions on relatively inexpensive micro
computer equipment. Ken Tunnah has told us what that 
means: "I've bucked some trends. I looked around, 
and decided that with the right software, I could 
get a micro to outperform a $45,000 mini. I'm 
satisfied. It's simple economics." 

We can refer yo u to a growing number of sophisti
cated retailers experienced in Structured Systems 
Group business systems. Or we can work directly with 
you. We'd be happy to provide you with more informa
tion on our product line, which includes QSORTT" (a 
sort/merge program), CBASIC (a business BASIC), 
NADrn (a mailing and addressing system), and our 
General Ledger, Accounts Receivable, and Accounts 
Payable packages. 
~ CPJM is a rc~i slcred trademark uf Di&rital Research 

/tructured /y1tem1 Group 
INCORPORATED 

5208 Claremont Avenue 
Oakland, CA 94618 
Call us at (415) 547-1567. Or write Dept. 87. 

Putting the Microcomputer in Business. 
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Listing 3: This logic struc
ture for a 7 player game 
indicates play cannot be 
stopped until the end of 
the game is reached. This 
is not always desirable; 
though/ should be given 
to ending the game in 
some fashion such that it 
may be continued later 
from where it was stopped. 

Listing 4: This logic flow 
is designed for a multi
ple user game. Alf of 
the players' moves are 
gathered before any proc
essing is done. After all 
mo11es are made, the infor
mation resulting from the 
move processing is pro
vided to al/ of the players. 

Lisllng 5: Another form 
of the mullipfe user game 
allows single move acquisi· 
lion and processing. This 
type of approach would be 
use fut in board games 
such as Monopoly where 
only one person moves at 
a time, ye t the informa
//on from that move is 
needed by the other 
players before they can 
move intelligently. 

BEG IN introduction 
(instruction if requested) 
initialization 

PLAYGAM E loop til l game over 
set up turn 
obtain player's move 
validate move 
echo move 
apply move 

end loop 
END summary 

stop 

BEGIN introduction 
(instructions i f requested) 
initialization 

PLAYGAME loop t i ll game over 
set up turn 
loop till have all moves 

set up move 
obtain p layer's move 
validate move 
echo move 

end get move loop 
apply move 

end turn loop 
END summary 

stop 

BEGIN introduction 
(instructions if requested) 
ini t ial ization 

PLAYGAME loop till game over 
set up tu rn 
loop ti ll have all moves 

set up move 
obtai n player 's move 
validate move 
echo move 
apply move 

end get move loop 
end turn loop 

END summary 
stop 

in formation may be desired . It may be use
ful to list some fea tu res not impl eme nted in 
this version . 

At th is poin t you have gathered inform a
tion on what the program wil l look like to a 
user. Now let us see what th e design of the 
actual program en tails . 

Internal Design 

When designing the inte rnal structure of 
the program , there are severa l areas wh ich 
must be covered. These can be broken down 
in to logic flow , algo rithms, an d data struc
ture. 

Some game programs have a structure 
simi lar to lis ti ng 3. Th is structure is fo r a 
one pl ayer game. It does not show a meth od 
of stopping the game before the con di Li ons 
for the end of the game are met. 

Multi -pl aye r games are somewhat more 
involved. The program may gather in forma
t ion fro m all playe rs for a turn, then process 
that turn . This is commonly done in many 
business games. After al l players make a 
move, the program processes the in for ma
tion , determ ines results and provi des it Lo 

the players. An alternative approach is where 
the in formation is used after a player makes 
a move and before the next player enters 
a move. In programs of board and card 
games this is qui te common. Listings 4 and 5 
il lustrate these two approaches. 

Th e preceding discussion has covered the 
general logic flow of a program. The ex pan
sion of th e basic steps is dependent on the 
game. The program desi gner needs to de
ve lop algori thms to implement the game . The 
major work will probabl y be in th e move 
applicat ion portion of the program. The 
algorithms will manipulate various entities . 
These should be documented and named 
before coding begins. The larger th e pro
gram , the more important is the documenta
tion of the variables used in the program. 
Actions manipul ate the variables . By 
ana logy, the variables are the nouns and the 
actions are the verbs in the progra m, which 
is the instru ctions. For exampl e, if a pro
gram deals with ships, the basic items may 
be ships, cargo, ports and oceans . The 
actions may include docking at port, setting 
sail, loading cargo , unlo ading cargo, sett ing 
course and speed, etc . Th e use of state di a
grams can clarify the values that an item 
can have and how these va lues are al lowed to 
change states. Gaps in game des ign are 
shown sometim es when state diagrams are 
used . Figure 1 shows a pair of state diagrams 
for th e above shipping example. In figure ·1 

a ship is eith er in port or sa ilin g. A shi p can 
load or unload cargo only at a port. The two 
simple diagrams in figure 1 do no t represent 
the state of the cargo wh en the ship is 
sailing. Figure 2 shows both the state of the 
shi p and the state of the cargo at all times. 

State diagrams suggest a method of 
segmenta tion or modular·i zat ion; each ro ut ine 
cou ld handle a single state transition. First 
the rout ine ve rifies that it is in the proper 
state(s) for the requested transit ion. Th en 
it pe rforms the varia ble man ipula tions that 
are part of the state change. The verifica
tion portion could be a separ·a te routi ne th at 
is part of the move val idation section of the 
program . Alternative ly, a state tab le could 
be used. Th e state table consis ts of new 
states in dexed by the current state and th e 
requested action. To make a move, find the 
current state in the table, index to the action 
being requested , and go to the new sta te in di
cated by that location . For som e game 
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RADIO SHACK 

5·STAR EDITION 
***** 


RADIO SHACK 

5· STAR EDITION 


TRS-80 TRANSFORMED 

WITH PROFESSIONAL 

SOFTWARE PACKAGE 


Lifeboat Associates, specialists in microcomputer disk software, 
is proud to offer the first professional disk-based language and 
utility package for the Radio Shack TRS-80 computer. Written 
by Microsoft. creators of Level II BASIC, the package runs on 
a TRS-80 system with 32K RAM, one or more drives and 
TRSDOS. The software is supplied on diskettes and consists of: 
FORTRAN a true relocatable machine code SUBROUTINE LIBRARY <l complete
compiler !or ANSI FORTRAN X3 9 (excepl library ol subroutines ex1sl1ng as reloccitabte 
COMPLEX variables) linkcible modules !or FORTRAN or assembler 

programs e g double precision sq uare MACRO ASSEMBLER a disk based root. ncitural log 1ranscende:11als etc 
macro assembler util111ng 7ilog mnemonics 
and producing relocatable code DISK TEXT EDITOR to crea te ancJ 1 :1odtly 

FORTRAN C1nd cissembler 1:::rog rams as disk 
LINKING LOADER to hnk-ecl1t ancl load lites also can be used as a general purpose 
FORTRAN <ind assembler moclules !or text edi tor tor correspondence and other 
execution documents 

This high-powered professional software pack
age with full documentation is available at the 

DISCOUNT PRICE OF $325 PER COMPUTER SYSTEM 

r••••••
I LIFEBOATA••••••••
I I ) 4 West 83rc/ Slreel/ New Yor~SOCJATES I 
I NYI0024 1212J580-0082 

Please send I
TRS-ao FORr7i~~e Name_____ ___ 

I Package @ $325 o ·- I
(plus $2 oo sh · 0 Aelelress 
$5.00fo.re1gn)'PP1ngor ~-------I ICheck enclosed Cily. Stale. Z,p

I CMO D ($l 00 add'/) Acct No I 
as1er Charg

• VISA e s Expires 
- 1gnature •••••••••••••aI 



designs, state diagram usage will make little 
sense. Other games will lend themselves to 
state ana lysis very well. 

Conclusion 

In this article, I have covered an approach 
to the design of computer games. Planning 

SE T SAIL 

DOCK AT PORT 

UNLOAD CARGO 

Figure 7: This pair of state diagrams can be used in the shipping example in 
the text. The first state diagram shows the pattern that is followed by the 
sailing and docking of a sh ip and its related states. The second diagram 
shows the states of the cargo that Is on board the ship. 

SET SAIL 

LOAD 
CARGO 

SET SAIL 

DOCK AT PORTUNLOAD 

CARGO 


DOCK AT PORT 

Figure 2: From the diagrams of figure 1 it is not possible to keep tracl? of 
what the cargo is doing In relation to the state of the ship. For instance, can 
the cargo be unloaded when the ship is sailing? This diagram relates the state 
of the cargo with the state of the ship at all times. 
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the internals and externals of a game pro
gram can ease the actual programming and 
result in a game program that is more satis
fying to the user. The discipline involved can 
and should make the inspiration and crea
tiveness of a new game easier to realize. 

The references in the bibliography are 
suggested to those involved in the design of 
game programs. The volume edited by 
Robert Horn is probably the best reference 
for game ideas.• 
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9600 BAUD CASSETIE RECORDER 

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate 
108 at 4800 BAUD. Can be used from 110 to 9600 BAUD into a UART - no clocking 
requi red. 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/stop is 
manual or through TTL or RS232 signals. 

Tape speeds are 1.6 11 I 3.0 11 and 6 .0" per second . 110 volt , 60 Hz, 5 watts . (220 Volts on 
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM~ RELOADING and DATA STORAGE. Manual control except for motor start/stop. 6800,
MODEL CC-9 ~--- 8080 or Z80 software for file or record searching available on request with order. Used by 

major computer manufacturers, Bell Telephone and U.S. Government for program reloading
$200.00 (4800 Baud) and field servicing. 

$220.00 (9600 Baud and 220V/50 Hz) AVAILABILITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM . TERMINAL and TAPE PORTS 

on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-8 or 3M3B). 


This is a complete 8080, 8085 , or Z80 system controller. It provides the terminal I/0 

(RS232, 20 mA or TTL) and the data cartridge 1/0, plus the motor controlling parallel 1/0 

latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or 

IMSAI. NO MORE BOOTSTRAPPING. Loads and Dumps memory in hex on the terminal , 

formats tape cartridge files , has word processing 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 , interfaces 

and software . 


This is Revision 8 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 preprogrammed is 

supplied with the board. A socket is available for the second ROM allowing up to a full 2K 

of monitor programs. 


Fits all SlOO bus computers using 8080 or ZSO MPU's. Requires 2 MHz clock from bus. 

Cannot be used with audio cassettes without an interface. Cassette or cartridge inputs are 

TTL or RS232 level. 
 2510 (R) CONTROLLER 

AVAILABILITY - Off the shelf. $190.00, Tested & Assmb. 

~ DOUBLE DENSITY FLOPPY DISK CONTROLLER 

A new floppy controller for 5" and 8" drives utilizing the new 1791 chip to provide single or double density recording . 
Flip the switch to use one or the other mode. Can load memory from single density and re-record it double density on the 
same drive so you can transfer or re-record your programs and files . Comes with new format program for double density on 
disk to replace your old single density format program. (Soft Sector IBM format) . $295 . Assembled and tested. 

SHIPPING STARTED OCTOBER '78. 

~ PEGASUS DOUBLE DISK ENCLOSURE and POWER SUPPLY 

Holds one or two drives , has two drive power supply . 110 or 220V. Comes empty or filled with Shugart drives. Varia
tions preclude listing prices. Call or write for full details. 

SHIPPING STARTED OCTOBER ' 78. 

: -- ··-. . I""'' . • "f t I ·~ !! · ·· 
Z 80 BOARD for SWTP COMPUTER 

1

• ~ .'· ·I .. t .. '1~:J,.]
l I. f "1 'I· ,r. , , 

•Now you can use the 8080/Z80 software programs in your SWTP 6800 machine. Re  I •,
• ~L. ' . ' ' ' 

I 
I

;>laces your MPU board with a ZSO and ROM so that you are up and running with your 

present SWTP memory and MPS card. l K ROM on board replaces MIKBUG and enables 

you to use XITAN Z80 software which we can supply. 


-~ 1·· ,. 

AVAILABILITY - Off the shelf. 

----------------------~190.00, Tested & Assmb. 
For U.P.S. delivery, add $3.00 . Overseas and ai r shipments charges collect , N.J. Residents add 5% Sales Tax . WRITE or CALL for further 

informati on . Phone Orders on M;;s ter Charge and BankA merocard acce p1 ed . 

~atif)nal Multiplex Cf)r-pf)r-atif)n 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561·3600 TWX 710-997-9530 
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Computerized 


Listing 7: Typical output from the Wine Cellar program showing how the 
system can search through data records. 

WINE CELLAR 

DO YOU WANT TO: 

1) ADD A NEW LISTING 
2) ACCESS EXISTING LISTINGS 
3) DELETE A LISTING 
4) GET NUMBER OF BOTTLES STORED 
5) CHANGE OUTPUT DEVICE 
6) END 

?2 

Fl LE ACCESS 

DO YOU WANT YOUR ACCESS RESULTS OUTPUT TO : 

CRT OR PRINTER? PRINTER 

FILE ACCESS
HOW DO YOU WANT TO ACCESS? BY : 


1) BOTTLE NUMBER 
2) TYPE (RED, WHITE, SPECIAL) 
3) VARIETAL NAME 
4) VINTNER OR PRODUCER 
5) SPECIAL NAME 
6) VINTAGE DATE 
7) PRINT ALL ENTRIES 
8) MULTIPLE SEARCH 
9) RETURN TO COMMAND LE VEL 

BOTTLE # ? 165 

BOTTLE ,, 165 

CABERNET SAUV IGNON, CHARLES KR UG, 1973. 
lOTH. Large bonle in long term storage (ii-18). Soft , fruity wine, characteristic of 
Krug tradi t ion. Finigan 4/77 , pg. 61 . $2.69 

(TYPE l TO RETUR N TO ACCESS LEVE L) 

I 


FILE ACCESS 
HOW DO YOU WANT TO ACCESS? BY: 


1) BOTTLE NUMBER 
2) TYPE (RED, WHITE, SPECIAL) 
3) VARIET AL NAME 
4) VINTNER OR PRODUCER 
5) SPECIAL NAM E 
6) V INTAGE DATE 
7) PR INT ALL ENTRIES 
8 ) MULTIPLE SEARCH 
9) RETURN TO COMMAND LEVEL 

?8 

MULTIPLE SEARCH MODE 

HOW DO YOU WANT TO ACCESS? BY : 

1) VAR IETAL NAME+ VINTN ER 

Wine Cellar 


Rodney W Jolliffe 
POB 2109 

Alameda CA 94501 

The blendi ng of two hobbies ca n make 
each more interes ting, and one can often 
enhance the satisfaction of the other. This 
has happened with me in the happy com
bination of computers and wi nes. My wife 
and I great ly enjoy the col lecting and 
drink ing or rine wines, and I also enjoy 
working with personal computers at home 
and wo1·k. Our wine cellar has grnwn to the 
point where, when we want to drink a 
particu lar win e, we hardly know wh at we 
have in our stock. While thinking about 
this dilemma I realized that perhaps I cou ld 
put my Processor Tech nology SOL to work 
on the problem. I developed a program 
that stores in rormation ror each bottle in a 
BAS IC fil e on a Nonh Star disk for access 
at a later time. 

The program has been im mensely useful 
and has made ri nd ing a bot tl e for d1·i nking 
much si mpler. It has helped us to take our 
inventory; now it is much easie r to know 
what we have in certain categories of wine 
(ie: Zi nfande ls fro m a spec ific winery); 
therefore we can purchase more wise ly. 

Usage Instructions 

The storage fi le ca ll ed CELLAR is se t up 
for the storage of up to 260 boules. As 
bottles are entered using the ENTER com
mand, t·hey arc assigned a sequentia l bottle 
number beginning with bottle num ber one. 
When a bottle has been used, it may be 
deleted fro m the ril e with th e DEL ETE 
command. When the next bottle is entered, 
it will be assigned the number of the first 
ava il able space- either a deleted space 
where it wil l be ass igned thatboulenumber 
or the rirst space at the end or the rile 
where it will be assigned a new nu mber. As 
each bottle is ass igned a number, take some 
small adhesive circles (avai lable in any 
statione ry store) put the bottle number just 

128 Fcbru.uy 1979 © BYTE l'ublicatlo11s Inc 

http:Fcbru.uy


~ ' 
TRS-80 OWNERS 

AVAILABLE FOR IMMEDIATE DELIVERY ~ 

CASSETTE SOFTWARE DISKETTE 
Package # 1036 (Level II) ............ . .......... .. .... . .. . ... .. ............. . .....$495.00 


COMPLETE SMALL BUSINESS - This program is a complete small business program that was tailored to 
work for most small business applications. The program includes such things as Accounts Receivable , 
Accounts Payable, Invoicing, Inventory Control , Payroll and General Ledger. 

Package # 1038 (Level II) ... ... .. .. ......... . . ... ..... . .. ...... .. .................$ 99.95 
ACCOUNTS RECEIVABLE 

Package # 1039 (Level II) . . .. ............. .. ........ .. . . ..... .. .... . .. . ... . ... . . ..$ 99.95 
ACCOUNTS PAY ABLE 

Package # 1044 (Level II) ..... .. ... . ........ . .... ... ........ . . ......... ...........$125.00 
INVENTORY CONTROL 

Package # 1045 (Level II) ............. .... .. ...... .... . . .... ............. . ..... ...$ 99.95 
INVOICING 

Package # 1046 (Level II) .. . ... .. .... ... .. ....... . . ................ .......... .... . $ 99.95 
PAYROLL 

Package # 1047 (Level II) ... . ... . . ..... ......... .. .. . .................. . ..........$ 99.95 

MAILING LIST 

Package # 1024 
(Level II , DISKETTE ) .. . ... .... .. ..... .. ..... $24 .95 
Includes the following : 
SPACEWAR I - BANNER - UFO ATTACK - PILE UP 
BIORHYTHM - AUTO RACE and WORDS. 

Package # I 026 
(Level II, DISKETTE) .. . . .. . .... .. ........... $24.95 
Includes the following: 
SPACEWAR II - CIVIL WAR - TRAP THE TRIBBLE 
LIFE - KNIGHT - CONCENTRATION and LUNAR 
LANDER. 

OVER 150 EXCITING PROGRAMS 

* MORE EVERY DAY * 


EDUCATION ELECTRONICS MARKETING 


Also available for PET and APPLE. 

All SOFTW ARE-80 programs are guaranteed. 


Programs available in Level I and Level II Basic. 

All of our business programs will operate with printer; custom programs also available. 


With certified check or money order, all orders shipped within 24 hours. 

Personal checks allow 2 weeks. Send for our complete catalogue. 


SOFTWARE-80 


18228 Cabrillo Court 
Fountain Valley, CA 92708 

(714) 962-3423 

ALL PRICES AND PROGRAMS ARE SUBJECT TO CHANGE WITHOUT NOTICE . 
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Listing 1, continued: 

2) VAR IETAL NAME+ DATE 
3) V INTNER + DATE 
4) RETURN TO ACCESS LEVE L 

?1 

VARIETAL NAME: RHEIN 

VINTNER OR PRODUCER: RAUNTHALER 

RHE IN 
RAUNTHALER 

BOTTLE It 66 

RHEIN, RAUNTHALER ROTHENBERG, 1976. 

R IESLING SPATLESE, von Simmern. Nice ly balanced, handsome wine . Finigan 5/77, 

pg. 69. $11 .50 


BOTTLE ff 68 

RHEIN, RAUNTHALER BAIKEN, 1976. 

R IESLING SPATLESE. See bottle ::.57 for details. Keep to 1982+. Purchased Jackson 's . 

$9 .75 


SEARCH COMPLETED 

(T YPE I TO RETURN TO ACCESS LEVEL) 

I 


Fl LE ACCESS 
HOW DO YOU WANT TO ACCESS? BY : 

1 l BOTTLE NUMBER 
2) TYPE (RED, WHITE, SPECIAL) 
3) VARIETAL NAME 
4) VINTNER OR PRODUCER 
5 ) SPECIAL NAME 
6) VINTAGE DATE 
7) PRINT ALL ENTRIES 
8) MULTIPLE SEARCH 
91 RETURN TO COMMAND LEVEL 

?9 

WINE CELLAR 

DO YOU WANT TO: 

1) ADD A NEW LISTING 
2) ACCESS EXIST ING LIST INGS 
3) DELETE A LIST ING 
4) GET NUMBER OF BOTTLES STORED 
5) CHANGE OUTPUT DEVICE 
6) END 

?6 

CHEERS 

assigned on to the label and attach the label 
to the cork end of the bottle for quick 
identification purposes. 

Information stored in the file can be 
re trieved with several commands: 

BOTTLE NUMBER: 
Wil l print out the complete listing for that 
bottle. 

TYPE OF WINE : 
Will pr int out al l entries of that type (red, 
white, special). 

VARI ETA L NAME: 
Will print out all wines of that varietal name 
(ie: all Cabernet Sauvignon). 

VINTN ER NAME : 
Prints out all wines produced by that vint
ner (ie: all Robert Mondavi). 

V INTAGE DATE: 
Prints out all win es that have entries for that 
ye ;1r. 

MULTIPLE: 
Searches for three types of multiple entries; 
VAR IETA L NAME and V INTNER NAME, 
VARIETAL NAME and VINTAGE DATE, 
VINTNER NAME and VINTAGE DATE. 
All of these search the file for any entry that 
has both characteristics and prints it. 

ALL ENTR IES: 
Prints out a listing of all cun·ent entries in 
the fi le. 

A typica l user session with the Wine 
Ce llar program is shown in listing 1. The pro
gram al ways checks any of the operations 
performed with the user before actually 
executing them. This helps reduce the num
ber of erroneous changes made to the file . 

The complete Wine Cellar· program listing 
with documentation and hints on using 
other disk systems and BAS I Cs besides 
North Sta r BASIC is available from BYTE 
for $1.50 postage paid. Please use the 
coupon below and order BYTE document 
# 'I03 .• 

Please send _ _ copies of BYTE Nybble #_ __ at $ _ _ _ _ postpaid . 

_ _ Check Enclosed Signarure ------------------

Bill my BAC =---------------Exp Dare __________ 

Bill my MC ::± _ _ ______________ Exp Dare __________ 

Name _ ________ _____ _ _ _ _______________ _ _ 

S tree t _ ______ __________________________ _ 

City _ ______________ State _______ Z ip Code _________ 

BYTE Nybbles Library, 70 Main St. Peterborough NH 03458 

You may photocopy this page if you wish to keep your 8 YTE intact. 
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the electric P~,~~,!! II™ 

The Electric Pencil II is a Character Oriented As text is typed in and the end of a screen 

Word Processing System. This means that text is line is reached, a partially completed word is 
entered as a string of continuous characters and shifted to the beginning of the following line . 
is manipulated as such . This allows the user Whenever text is inserted or deleted, existing 
enormous freedom and ease in the movement and text is pushed down or pulled up in a wrap 
handling of text . Since line endings are never around fashion . Everything appears on the video 
delineated, any number of characters, words, display screen as it occurs which eliminates any 
Lines or paragraphs may be inserted or deleted guesswork . Text may be reviewed at will by 
anywhere in the text. The entirety of the text variable speed scrolling both in the forward and 
shifts and opens up or closes as needed in full reverse directions. By using the search or the 
view of the user. The typing of carriage returns search and replace function , any string of 
as well as word hyphenation is not required characters may be located and/or replaced with 
since Lines of text are formatted automatically. any other stri ng of cha r acters as desired. 

When text is printed, The Electric Pencil II automatically inserts carriage returns where they 
are needed. Numerous combinations of line Length, page length, Line spacing and page spacing allow 
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional 
pr i nting are included in the Diablo versions. Right justification gives right - hand margins that are 
even . Pages may be numbered as well as titled. This entire page (excepting the large titles and 
logo) was printed by the Diab l o version of The Electric Pencil II in one pass. 

NEW FEATURES: * CP/M, !MOOS and HELIOS Compatible* SupportsNowonCP/M Four Disk Drives * Dynamic Print Formatting * OIABLO as well as NEC 
printer packages * Multicolumn Printing * Print Value Chaining * 

The Electric Pencil II Page-at-a-time Scrolling * New Bidirectional Multispeed Scrolling 
is also compatible with Controls * New Subsystem with Print Value Score bo ard * Automatic Word 
Imsai 's Il'IDOS. HELIOS and Record Number Tally * Cassette backup for additional storage * Ful l 
versions SSH and DSH are Margin Control * End-of-Page Control * No n-Printing Text Commenting * 
now ready . The NEC print Line and Paragraph Indentation * Centering * Underlining * BOLD FACE* 
package is now available. 

I IA utility program that W I 0 E S C R E E N V I D E 0 

converts PENCIL to CP/M 

to PENCIL files is ready . Available to Imsai VIO video users for a huge 80x24 cha ra cter screen. 

"CONVERT" is only S35.00. These versions put almost twice as many characters on the screen ! ! ! 


HAVE WE GOT A VERSION FOR YOU ? 

The Electric Pencil II operates with any 8080/ZSO based microcomputer that supports a CP/M disk 
system and uses a lmsai VlO, Processor Technology VDM-1, Polymor phic VTI, Solid State Music VB-1B 
or any similar memory mapped vide o interface. REX versions now ava i lable . Specify when using CP/M 
that has been modified for Micropolis or North Star disk systems as follows: For North Star add 
suffix A to version number, for Mi cropolis add suffix B to version number, e.g. SS-IlA , DV-llB. 

Ve rs Video Printer Price 

SS-ll SOL TTY or similar S225. 

SP-II VTI TTY or similar $225. 

SV-II VDM TTY or similar $225. 

SR-II REX TTY or similar $250. 

SI-II VIO TTY or similar S250. 

DS-II SOL Diablo 1610/20 S275. 

OP-II VTI Diablo 1610/20 S275. 

DV-II VDM Diablo 1610/20 $275. 

DR-II REX Diablo 1610/20 $300. 

DI-II VlO Diablo 1610/20 $300. Electric Pencil I is still available for non CP/M users: 

NS-II SOL NEC Spinwriter $275. 

NP-II VTI NEC Spinwriter $275. Vers Video Printer Cassette Disk Drive Price 

NV-II VDM NEC Spi nwriter S275. 

NR- 11 REX NEC Spinwr i ter $300. SS SOL TTY or s i mi la r CUTS $100. 


m
SS 

MICHAEL SHRAYER SOFTWARE, INC. 
1253 Vista Superba Drive 

Glendale, CA 91205 
<213) 956-1593 

NI-II VIO NEC Spinwriter $300. SP VTl TTY or simi Lar Tarbell $100. 
SSH SOL Helios/TTY S250. SV VDM TTY or similar Tar bell $100. 
DSH SOL Helios/Diablo $300. SSN SOL TTY or similar CUTS North Star S125. 

SPN VTI TTY or sim i lar Tarbell North Star $125. 
UPGRADING POLICY: Any version of SVN VDM TTY or sim i lar Tarbell North Star $125. 
The Elec t r ic Pencil may be upgraded DS SOL Diablo 1610/20 CUTS $150. 
at any time by simply returning the DP VTI Diablo 1610/20 Tarbell S150. 
original disk or cassette and the DV VDM Diablo 1610/20 Tarbell $150. 
price difference between versions DSN SOL Diablo 1610/20 CUTS North Star S175. 
plus $15.00 to MSS. Accept only DPN VTI Diablo 1610/20 Tarbell North Star $175. 
original media at time of purchase. DVN VDM Diablo 1610/2 0 Tarbell North Star $175. 

Demand a demo from your dealer! 
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Responses to the Queens 


We received so many responses and to the output to shortening the search 
letters to Teny Smith's article "Solt1- time. All of these programs, except the 
ing the Eight Queens Problem" (Octo Pascal versions, were run on our Apple 
ber 79 78 BYTE, page 122) that we and TRS-80 office computers. Several 
decided to have a one-time, special of the programs gave output so quicl?
column. ly that we barely had time to note the 

Folloiving are several solutions and solutions. We thank all those who 
comments on the eight Queens pro  spent time on these programs for their 
blem. They range from adding graphics comments . . . . RGAC 

Patching the Eight Queens 

I enjoyed Mr Smith's art icle on the eighL 
Queens problem . I found it amus in g that the 
problem solved by M1· Smith's prog1·am, de
scribed as "... a blow to str uctLJl'ed pro
gramm ing . .. ", is the same problem used by 
Dr Dijkstra in his classic illustration of the 
deve lopmen t of a structu1·cd prog1·am (sec 
Structured Programming, Dahl et al, Aca
demic Press, New York, ·1972, p<tges 72 thru 
82). 

Both programs ovc1fook an observation 
wh ich would reduce the tota l sol uLion tim e 
by one half. This is that the 1·cflcction of 
any solution about the axis between the 
fo urth and fifth ranks or the board is also a 
sol ution. As the Queen on rile ('I) starts on 
rank (1) and moves to highc1· ranks on ly 
after all possible solutions with the Queen 

Paul J Kosick i 

POB 18374 

Denver CO 80218 

on that rank are generated, all reflected 
solutions with Queen(l) on rank(l) gives 
al l solutions with Queen(l) on 1·ank(8). 
Therefore, by moving Quecn(l) only to 
rank(4) and reOecting all of these solutions, 
we generate all solutions in half the time. 

In Mr Smith 's program, the fo llowing 
changes will accomplish this: 

362 IFC # 1 THEN 380 
364 IF E =4 THEN 480. 

Lines 250 thru 321 are copied in line, with 
the firs t line of the second copy changed to: 

322 FOR X =1 TO 8. 

This wil l print the reflected solution s as they 
occur.• 

TELETYPES® 

MODEL 43 TERMINALS 


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

INTERFACES 
• TIL Serial 
• EIA RS232 or DC20 to 60ma 
• 103-type built-in modem 

MODEL 40 300 LPM PRINTERS 


• Mechanism or complete assembly 
• 80-column friction feed 
• 80-column tractor feed 
• 132-column tractor feed 

FEDERALCommunications 
Corporation 

INTERFACES 
• EIA-RS232 
·Simplified EIA-like interface 
•Standard serial interface 
•Parallel device Interface 

11126 Shady Trail, Dallas, Texas 75229, (214) 620-0644 , 
TELEX 732211 TWX 910-860-5529 
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SOFTWARE 
ENGINEERING 
Grumman Aerospace Corporation seeks qualified specialists at 
all levels of experience to participate in the development of a 
broad spectrum of embedded software applications including 

• 	MILITARY AND SPACE AVIONICS 
• 	SIMULATORS AND TRAINERS 
• 	AUTOMATl:D TEST LANGUAGE DEVELOPMENT 

Challenging opportunities , with corresponding professional 
recognition , exist within our Software Development 
Department. Orient your skills to meet many new program 
assignments utilizing state of the art software system 
technology being developed at Grumman: 

o 	Perform analyses to support advanced design concepts 
in complex real time distributed systems. 

11 	 Synthesize functional, operational hardware 

requirements into software system design /software 

architecture. 


o Design , develop and test operating systems and 
applications programs using assembler and higher order 
languages. 

u Develop automated software tools to facilitate the 

development of large scale software systems. 


o 	Develop language processors and operating systems 
software for minicomputer based Automated Test 
Equipment. 

11 	 Provide software analysis support for proposals and new 
business activities. 

~ 1 Perform state of the art evaluations and studies on 
advanced software development techniques. 

Highly competitive salaries, outstanding fringe benefits , and 
moving allowances will be offered to qualified individuals. 
Assignments are on Long Island , the playground of New York 
State, at suburban Bethpage (30 miles from New York City) and 
at rural Calverton (80 miles from New York City) . 

Qualified individuals should send their resume to Mr. B. 
Nettuno, Manager Professional Employment 

MOo •Aw~ ,,. 1, 1·~ r A t • •rn 
.11.IH,•f 1l ... 11h1,,• j '11 "Nr' I 4•11 1 U"I I 

GRUMMAN ~~~09~~(g;~ ~©J~~(QJ~~uO(Q) [Ndl 
- SETH PAG E . N E\N Y O RK 1171 4 

,..,..AN EQUAL OPPORTUNIT Y E MPL OYE R M /F U .S . CITIZE NSHIP REQUIRED 
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James C Puckett 
2201 Eastlawn Dr Apt 12 
M idland M l 48640 

23 or 12 Solutions? 


I was intrigued by Terry Smith's clever 
solu tion to the eight Queens probl em. His 
statement, "There are 92 solutions of which 
23 are discrete," aroused my curiosity . 

It seemed logical to me that any unique 
sol ution to the problem should have eight 
va riations: the solution, its mirror image , 
and each of these viewed from each of the 
four sides of Lhe board. Therefore, to test 
the solu tions rrom Mr Smith's program, I 
wrote a program to generate the eight 
variations for each solu tion from the pro
gram and to test the fol lowi ng so lu tions 

for repetitions. This program used the 8 digit 
nu mber to represent each solution as Mr 
Sm ith suggested. 

This program found 12 uni que solutions 
from the fi rst 18 solutions generated by Mr 
Smi th's program. The remaining 80 solutions 
from his program turned out to be variations 
of these 12. Thu s it would seem that there 
are 96 solutions, 12 of which are uniqu e. 

I made no efforr to determine if there 
might be other unique solu tions, but perhaps 
a mathematician among the readers has 
already derived an equation to determine the 
max imum number. 

This exercise points out the necessity of 
checking data ge nerated by programs before 
relying on it too heavily . Sometimes this 
checking can be as cha ll enging as the original 
problem . Table 1 is a copy of the solutions 
and vari ations as generated by my program. • 

Table 7. 
UNIQUE MIRRO R UN1 +90 ° MIR+90 ° UNl+180 ° MIR+180 ° UNl +270 ° UNl +2 70 ° 

1 36428571 17582463 15863724 84 136275 82417536 63571428 57263148 42736851 
2 35286471 17468253 16837425 83 162574 8253 1746 64713528 47526138 52473861 
3 47382 516 61528374 24683175 753 16824 38471625 52617483 4286 1357 57138642 
4 63728514 41582736 2571 3864 74286135 58417263 36271485 5316824 7 46831752 
5 63 724815 51842736 25741863 74258136 48157263 36275184 63185247 36814752 
6 64285713 31758246 2617483 5 73825164 68241753 35714286 46152837 53847162 
7 37286415 51468273 2683 1475 73168524 48531726 62713584 42586 137 57413862 
8 52468317 71386425 2736851 4 72631485 28613574 47531 682 58413627 41586372 
9 42736815 51863724 27581463 72418536 48136275 57263184 63581427 36418572 

10 46827135 53172864 35281746 64718253 46827135 53172864 35281746 64718253 
11 36824175 57142863 35841726 64158273 42857136 63 175824 37285146 62714853 
12 57248136 63184275 362581 74 63741825 36815724 42751863 52814736 47185263 

The RANK 68MX16 features: 
• 	 16384 bytes of fully static MOS memory in 4K 

byte arrays. 
• 	 TMS 4044 memory chips with 450ns maximum 

access time. 
• 	 Plug-In compatible with Motorola's EXORciser", 

Mlcromodules• and 0-2 Kit. 
• 	 Switch selectable write protect for each 4K array. 
• 	 Jumper selectable base memory address tor 

each 4K array. 
• 	 Fully buffered bus Interface. 
• 	 Single t 5V supply. 
• 	 Available In SK version - same board with SK of 

memory chips - $345. 
• 	 Not a kit-fully-assembled, burned-in and tested. 
• 	 Full six month parts and labor warranty. 
• 	 Shipment: Stock to 30 days. 

RANK PERIPHERALS OF CANADA LTD. 
PO Box 7, Victoria Station, Montreal, P.Q. H3Z-2 V8$495** (514} 481 -5431 

'The 18KStatic RAM for your M8800 EXORciser •Trademarks of Motorola Inc. ..Single quantity price In US funds. 
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t:f\osBORNE & ASSOCIATES, INC. 

The World Leaders •
In Microprocessor Books 

Program Books Written in BASIC 

Payroll wirh Cosr Accounting 
Accounts Payable and 

Accounts Receivable 
General Ledger 

These books feature complete. quality applications 
software for small -to-medium sized businesses. 
Each book includes fully documented program list 
ings, sample printed repons. installation instruc 
tions and user's manual. Written in an extended 
Wang BASIC (write to ask us about our CP/ M 
CBASlC version and other conversions I. 375 pages 
each. 

Payroll #09-8 $15.00 
AP& AR #13-6 $15.00 
G. Ledger #20-9 $15.00 

Some Common BASIC.Programs 

76 shon practical programs. most of which can be 
used on any microcomputer with any version of 
BASiC. Complete with program descriptions. list 
ings . remarks and examples. 200 pages. 
#06-3 $8.50 

Assembly Language Programming 

8080A / 8085 
Assembly Language Programming 

6800 Assembly Language Programming 
Z80 Assembly Language Programming 
6502 Assembly Language Programming 

These books describe how to p rogram 
microcomputer using assembly language. They 
discuss classical programming techniques. and 
contain simplified programming examples relevant 
to today's microcomputer applicat ions. 400 pages 
each. 

8080Al 8085 ALP # 10- 1 $8.50 
6800 ALP #12-8 $8.50 
zao ALP t/2 1- 7. available soon (see 
6502 ALP not yet available below) 

P.O. Box 2036. Berkeley. CA 94702 
630 Bancroft Way. Berkeley. CA 94710 
(415) 548-2805 • Tl/l/X 910-366-7277 

NAME 

ADDRESS 

CITY STATE 

ZIP PHONE 

Programming for Logic Design 

8080 Programming for Logic Design 
6800 Programming for Logic Design 
Z80 Programming for Logic Design 

These books describe the meeting ground of pro 
grammers and logic designers: written for both. 
they provide detailed examples to illustrate effec
tive usage of microprocessors in traditional digital 
applications. 300 pages each. 

8080 PFLD 
6800 PFLD 
Z80 PFLD 

Attention: 
Depl. 117 

on microprocessors, 
read the Osborne 

books. 

~OSBORNE & ASSOCIATES, INC. 

Please send me lollowu'g 1nlotmahM: Please notily me whet1 available· 

O Becoming an O&A dealer D Z80 Assembly Language Programming 

O School discoun 1s O 6502 Assembly Language Programming 

a Lisi ol foreign d1srnbutors 

0 More mformauon 011 O&A books 

Payment 10 advance musl be enclosed lor purchases of up to $70.00_ lnvo1c1ng U .S. 

l>Ufchases over S70.00 ava.1lal:Jfe upan approval of your account. All foreign orders mtJst 

be prepaid In U.S. dollars drawn on a. U.S bank 

S1000 

Circle 292 on inquiry card . 


1104 -7 $8.50 
#05 -5 $8.50 
t/ 11-X $8.50 

O S0.45 per item 4th class fallow 2· 3 weeks in lhe U.S.I 


O $0.75 per item UPS in 1he U.S. Callow 10 days) 


D $1.50 per item special rush shipment by air in the U.S . 


An Introduction to Microcomputers 

Volume 0 - The Beginner's Book 

11 you're not familiar with computers. bu! would 
like to be. then this is the book for you. Computer 
logic and terminology are introduced in a language 
the beginner can understand. Computer software. 
hardware and component pans are described. and 
simple explanations given for how they work. Texl 
is supplemented with creative illustrations and 
numerous photographs. 300 pages. #08-X $7.95 

Volume 1 - Basic Concepts 

A must for anyone in !he computer field , this bes! 
selling 1ex1 explains hardware and programming 
concepts common 10 all microprocessors. Its 
universal appeal is reflected by its having the 
greatest yearly sales volume of any computer text. 
350 pages. 1102 -2 $8.50 

Volume 2 - Some Real Microprocessors 
Volume 3 - Some Real Support Devices 
and update subscriptions 

These lwo books provide complete descriptions of 
vinually every microprocessor and most suppcn 
devices. There are no other books like these: they 
provide derniled par1 descriptions from an inde 
pendent source. 

To cope with 1he rapid evolution o f micro 
processor products . each volume has its own 
series of six bimonthly updates. allowing you to re 
main current with all pans as soon as they are 
really ava ilable. Update subscriptions sold sepa 
rately . 

These two books replace the 1977 edition of 
Volume II - Sotne Real Products_ Volume 2. 1400 
pages: Volume 3. 700 pages: printed loose leaf. 
Binders sold separately. 

Volume 2 w / o binder # 15-.2 
Volume 2 binder #16-0 
Volume 3 w / o binder #18 -7 
Volume 3 binder # 19-5 
Volume 2 update only 
Volume 3 update only 
Volume 2 and 3 updates 

$25.00 
$ 5.00 
$15.00 
$ 5.0C 
$25.00/ yr . 
$25.00l yr. 
$40.00l yr. 

No charge in 1he U.S. 

Calif. restdcnis add 6 % sales uu . 
Books & Binders : S.F BAAT res1den 1s add 6-1 12 % sales 1ax . 
D All foreign ordel5 $4.00 per book for atrrmul No tax on update subsct'1ptions. 

Fll 
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Updates : 

BOOK PRICE QUANTITY AMOUNT 

Sublotal 

California ras1den1s HU. 

SHIPPING ~Shipping fot largo orders 10 be artangedl shipping 

Vol 2 and Vol . 3 update subscriptions: 

0 All foretgn orders $4.00 per 6-1ssue subscnp t1on tor airmail 

O 41h c lass mail ONL V 

TOTAL 

AMOUNT ENCLOSED 



Dr Ra ndall S Matthews 
Box 157 
Chemistry Dept 
Harvard University 
Cambridge MA 02138 

An Apple and the Queens 


Terr-y Smith's excell ent article concerni ng 
the eight Queens problem prompted me LO 

write my own eight Queens program for the 
Apple 11. Broadly speaking, the logic is a 
synthesis of Smith's second and third 
methods, with a rew judicious improve 
ments. There arc several advan tages to th is 
program vis-a-vis the published one as 
follows : 

1. 	It is far shorter, and uses considerably 
less memory. 

2. 	 It is much fas ter, tak ing approximately 
5 seconds per solution. 

3. Apple 's color graphics al lows the user 
to watc h as the computer "setirches" 
for a solution. 

My program is shown in listing 1. It is 
written in integer BAS IC and is easi ly trans
lated to other systems. The disadvantage 
of this program, in its present form, is th at it 
does not allow one to systematically search 
for all the solutions. • 

Listing 7. 

)LIST 

10 CALL -936: GR : DIM A$(5).0( 
8) 

20 COLOR =14: FOR 1=2 TO 32 : HLIN 
2,32 AT I : NEXT I 

30 COLOR =2: FOR 1=1 TO 33 STEP 
4 

40 HLIN 1,33 AT l :VLIN 1,33 AT 
I : NEXT I: GOTO 100 

50 COLOR =14: FOR 1=1 TO c - 1: PLOT 
(1 •4)-1, (Q(l) • 4)- 1: NEXT I 


100 FOR C=1TO8:X= RND (8)+1 

110CTR=1: IF C=1THEN180 

120 FOR 1=1 TO c-1 

130 IF Q(l)<>x AND ABS (Q( l )- X) 


<>ABS (1 -C) THEN 170 

140X=X+1 : IF X=9THEN X=l 

150 CTR =CTR+l : IF CTR=9 THEN 50 


160GOTO 120 

170 NEXT I 

180 Q(C)=X : COLOR=9: PLOT (C•4) 


-1, (Q(C)'4)-1 
190NEXTC 
200 VTAB 23 : PRINT "HERE IS ONE SOLU 

TION .": PRINT 
210 INPUT " DO YOU WANT ANOTHER ? (Y 0 

R Nl",A$ 

220 PRINT: IF AS="Y" THEN 50 

230 END 


SAVE THE WHALE 

The Fin Whale is the world's greatest long-distance communicator. 

01o11m ~x ~1 
DM :i:;i rtrll 

"''il"''~<.---... .. ~, .,
~~ _. 

' 

.... 

The CONNECTICUT CETACEAN SOCIETY is a smal l, totally volunteer, non-profit edu
cation and conservation organization dedicated to seeking tl1e abolition of all whale killing. Any 

concerned citizen can help our effo rts by sending name and address and a $15 or more contribution 
to : CCS, P. 0. Box 145, Wethersfield CT 06109. 
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This Valentine's Day. •• 

Treat yourself & your 

favorite computer to 

3 NEW BOOKS 

CALCULATING WITH BASIC 
Here's a variety of programs in BASIC language to help the student scientist 
engineer, technician or hobbyist apply the language to practical proble~s. Cover~ 
mathematics, finance and statistics, mechanical engineering and electronics. For 
fun ~etween such serious applications. Hangman and Space Capture games are also 
provided. A real steal at only $7 .95 . Order now. Available for shipment in March. 
Check No. 1 on coupon. 

MICROCOMPUTER POTPOURRI 
Data at your fingertips. A pocket-sized reference for the beginner . .. for the tech
nician ... for the engineer. Contains a really great glossary that covers all the jar
gon. Helps the beginner to understand computer magazines, manufacturers lit
erature and serves as a reference for the pro. Special section reviews all the popular 
microprocessor chips in detail. You also get a complete text on understanding 
microcomputers in digest form . It's the handiest microcomputer ~ide yet. And at 
an amazingly low $2.95. * Place your order now. Available for shipment in March. 
Check No. 2 on coupon . 

PIMS 
Personal Information Management System, make no mistake about it, is indeed a 
data base management program. It's carefully customized for the small system 
owner. You can define and construct your own data bases. Each record can contain 
up to ten fields. You define what goes in each. Then modify it whenever you want 
through use of just three simple commands: ADD, RUBOUT, CHANGE. You can 
search, list and sort. There's even a command that lets you SUM columns of 
numbers. Complete source listing is included. This kind of power would be un 
beatable at ten times the price. Just $9 .95 .* Check No. 3 on the coupon. 

Special pre-publication offer. Place your order now for Calculating with BASIC + 
Microcomputer Potpourri. Buy both and you pay only $9.95* combined. Offer 
expires March 1, 1979. Check No. 4 on coupon . 

Interested in ham radio? Ask about SCELBI's fantastic books for the radio 
amateur. Check No. 5 on coupon for free literature. 

*IMPORTANT ORDERING INFO! 
Include 75t postage/handling for each 

item to be delivered by U.S. Mail 
book rate, or $2 for each item to be 

shipped via First Class or UPS. 
Prices shown are for North American 

customers. Master Charge, VISA, 
Postal and Bank Money Orders 

preferred. Personal checks delay 
shipping up to 4 weeks. 

~ SCELBI Publications 
• P. 0. Box 133 PP STN, Milford, CT 06460 203-874-1573 

Please send the books indicated below. My payment (including sbiPpingfhandllng charges) 

is enclosed, or better yet, please charge my Master Charge or VISA account. 


D No. 1 DNo. 2 D No . 3 D No.4 DNo. 5 


Name (please print) _________________________ 


Card No.---------- Bank No. _ _ _______ Exp.--- 

City and State ______________________ Zip ___ 

S~nature --------------~------------~ 
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Checking Permutation Generation 


100 REM 8 QUEENS 
110 DIM X(7,7), 1(7) 
120 INPUTN \ M = l \ X(0,0) = 0 
130 l(M)=O 
140 FOR J = 0 T O l(M) - 1 \ X(J,M) =X(J,M- 1) \ NEXT J 
150 X( l (M),M) = M 
160 FOR J = l (M) + 1 T O M \ X(J,M) =X(J-1 ,M- 1) \ NEXT J 
170 IF M = N THEN 180 \ M = M + 1 \ GO TO 130 
180 FOR J =0 TON - 1 \ FORK = J+1 TON 
190 IF ABS(X(K,N) - X(J,N)) = K - J T HEN 220 
200 NEXT K \NEXT J 
210 FOR J = 0 TO N \ PR INT X(J,N) ; \ NEXT J \ PRINT 
220 IF l (M) = M THEN 230 \ l(M) = l(M) + 1 \GO TO 140 
230 IF M = 1 THEN120 \ M = M - 1 \ GO TO 220 
240 END 

Listing 2. 

James C Wilcox 
2200 V ia A lamitos 
Palos Verdes Estates CA 90274 

I found "Solving the Eight Queens Pro
blem," by Terry Smith, to be an entertaining 
description of an example of the actual 
problem solving process. However he asked 
the wrong "friends" about generating the 8! 
permutations of the numbers 1 to 8, which 
actual ly is not a "difficult task" at all . In 
fact the algorithm seems to be rather well
known; however, I can't recal l where I first 
heard of it. Without implying that a sol ution 
based upon generating these permutations 
wou ld be better than the solution presented, 
I would like to describe the method of 
generating permu rations which may be of 
general interest for other applications as 
well. 

Let us use 0 thru 7 instead of 1 thru 8. 

We start with the permutations of 0, that is: 
0. We 'take 1 and place it before and after 
each digit of each permutation of 0 to get 
the permutations of 0 and 1, that is: 10, 01. 
We take 2 and place it before and after each 
digit of each permutation of 0 and 1 to get 
the permutations of 0, l , and 2, that is : 
210, 120, 102, 201, 021, 0'12. We continue 
in this pattern with 3, 4, 5, 6, and 7. We 
arrange the code so that we generate each 
perm utation of 1, 2, 3, 4, 5, 6, 7, and 8 
digits only once - and we test each permu
tation for the presence of Queens on the 
same diagonal (absolute value of slope of 
line connecting Queens equal to 1) immedi
ately after generating it so that we don 't 
have to "file all those 40,320 8 digit num
bers." The BAS IC program in Iis ting 2 
solves the problem for boards up to 8 by 8 
(N = 7). It took 5050 seconds to find all 
92 solutions to the 8 by 8 problem on my 
H11. Generating the permutations required 
2495 seconds or 62 ms per permutation . 
Testing the permutations required 2555 
seconds or an average of 63 ms per test. The 
time required for each test varies widely, 
with a successful permutation taking the 
longest. Lines 180 thru 210 are peculiar to 
the eight Queens problem and can be re
placed by code appropriate to other pro
blems involving permutations. The rest of 
the code ge nerates the permutations. • 

NEW SOFTWARE FOR: 

TRS-80 PET APPLE 

1 2 3 4 

1 2 3 5 

1 2 3 6 

7 2 3 6 

7 8 3 6 

7 9 0 3 

1 

2 0 

0 2 

3 0 

3 0 
4 

Hitch up your horse sense, wind up your wits. load the computer, and 
get ready to play Bul ls • Hits'". It means spellbinding, sophisticated, 
stimulating fun for the entire family. One, two players, or partners will 
be at odds trying to beat each other or the computer. The action is fast 
and furious. Completely interactive .. . Enjoy. 

ORDERS: SEND CH ECK OR MONEY ORDER TO: 

If you enjoyed Microchess. you'll love Bulls • Hits'". A 
NEW game of logic and luck deve loped by Michael 
O'Toole fo r the TRS-80 Level I and Level 11, Apple or 
Pet. Please specify computer model . .. Only $14.95. 
Programs and cassettes 100% guaranteed. 30 day 
money back guarantee if not complete ly sati sfied . 
Dea ler inquiries invited. 

the COMPUTER BUS TM P.O. BOX 397D GRAND RIVER. OHIO 44045 
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DID YOU KNOW ... 

pASCAL IS ALIVE ... AND WELL 

AND WORKING 

. IN A GRAIN ELEVATOR? 


When you've decided to let PASCAL 
work for you, give it the best home -
the UDS 470 micro-computer . 

Hardware for the rugged UDS 470, 
designed fo r work in hos tile environ 
men ts, has performed successfull y for 
over two years to control grain 
eleva tor opera tions: 

Houston , Texas 

- New O rleans, Louisiana 

- Duluth, Minnesota 

Winnipeg, Canada 

' .... ' .... ............ ... 

.... "" ... ..... 


.. UCSD PASCAL 

.. 6800 based now; upgradable 

to 6809 o r 68000 


.. 32K RAM 

.. '16K EPROM 

.. s ·l,200 to 58,000 O EM, 
depending on 
configura tion desired 

1317 Centr;i l • Kansas City, KS 66 102 • (9'13) 371-6136 

5200 West ?3rd S tree t • Min nea polis, MN :'i5435 • (612) 83'1-021 4 

Drawe r EE • Williamsburg, VA 23'185 • (804) 564-9350 
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Scott Banks 
James S Coan 

Community Computer Corp 
185 W School House Ln 

Philadelphia PA 19144 

Systematic Approach to the Eight Queens 


gona l in either direc tion. That constitutes 
10 DIM R(Sl fo ur conditions. 100 C=O 

200 C=C+1 We ca n assure different colum ns by 
300 R(C) =O maki ng the column number the subscript
400 IF R (Cl< B THEN 600 
500 C=C- 1 of a one-di mensional row array. We can store 
51 0 IF C=O T HEN 9999 the row number of each Queen in the 
520 GOTO 400 colu mn position of the row array. For600 R(C )=R (C) +1 
605 IF C<2 T HEN 660 exam pl e: if R(2) =5 there is a Queen in the 
610 FOR C1 =1 TO C-1 fifth row of column 2. Now we simply 620 IF R (C)=R (Cl ) OR R(C)+C=R (C1 )+C1 OR R (C)-C=R (C1 )- C1 T HEN 400 
650 NEXT C1 assure that there are no dupl ica tc values 
660 IF c < a THEN 200 stored in the R array. For two Queens at 
700 FOR C1 =1 TO8 po in ts (X, Y} and (X ', Y'} one diagonal is 710 PRINT R (C1 ); " " 

720 NEXT C1 shared if X-X '=Y- Y', whi le the other 

730 PRINT diagonal is shared if X+X '= Y+Y'. The last 
740 GOTO 500 three of these conditions may be tested in a9999 END 

single BAS IC statement (see line 620 of the 
accom panying program listi ng 3). It shou ld 

Listing 3. be ev ident that the four cond itions defi ned 
The eight Queens problem is in deed a above did not come from a hit or miss pro

fascinating one. However, the discussion in cess. It is clearly more efficient to use eight 
Terry Sm ith 's art icle in the October 1978 stored valu es than to use 64. Clearly it is 
BYTE, wh il e it presents some ve ry good more efficient to do a single test 0 11 al I 
ideas, cries out for comment. The funda possible pairs in an 8 element array than 
mental algorithm presented has mer it, yet to roam about a chessboard setting fl ags 
the implementation leaves much to be and later testi ng them. The acco mpanying 
desired. Given a spec ific algor ithm, ou r program generates solu tions in exactly the 
exper ience strongly indicates that tria l same order that Terry Smith's program does, 
and error is an absurd method to employ because it uses the procedures suggested by 
whenever an organized thought process him in his article. 
can be appl ied. As Mr Smith's search algo The program in listing 3 ran to com
ri Lhm appeared well-defi ned, we chose to pletion on a timeshared PDP-11 /70 in about 
Lake the structured route Lo implementing 2 minu tes. On a Cromemco it pri nted the 
the program. The results of this endeavor Fi rst soluti on in 44 seconds and ran to com
yie lclcd a ciras tic dccrc<1se in program devc pletion in less than 14 minutes. Terry 
lopmen l time as well as enormous benefi ts Smith 's program, when r·un on the Cro
in program space, data storage, and exe memco, pri nted the first solution in 3 
cution speed. Could it be an accident that minutes and 18 seconds and pri nted the 
code produced as such is so eas il y readable? 92nd so lu tion in 1 hour and 9 minutes. Bu t 
A couple of hours well-invested in structured the best time was logged by coding our 
coding is an excellent trade for several days solution in FO RTRAN. That ran to com
of cut-and-try frus tration. pletion on the Cromemco in less than 30 

It seems unl ikely that Terry has the most seconds. Imagine what an IBM 370 would 
efficient program implementation for his do. 
algorithm . Why store the entire ches board Possibly Terry Smi th's greatest oversight 
when al l that is required is a row with eight in his search for an efficient program to 
column pos itions, or if you prefer, a column implement his excellent algori th m is that his 
with eight row pos itions? Now all that we program has no te rmi nation! When wi ll 
need to identify are the conditions required peopl e realize that efficient, elega nt code 
fo r avoiding positions of at tack. Two Queens is not compli cated and fill ed with mystery 
011 a chessboard mu st not share a common an d magic? Efficient, elega nt code is simple, 
row, a common col umn or a common dia- clea r· and often short.• 
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HIGHRELIABILITY 

MEMORYBOARD
16KPLUS FOR THES·100BUS 

NEWSTATE-OF-THE-ART LEADER... 


Fully meets proposed 
IEEEStandard 

IDEAL FOR CROMEMCO 
64KDISC SYSTEMS 

Spec/ally designed for the new high speed 

disc systems using OMA and Time Sharing 


• 	Bank Select 
This feature allows running up to 512K of RAM and multiple 

users on your system. It is fully compatible with Cromemco 
software, using output port 40H. 

• 	High Rellablllty 
Reliability begins at Seattle Computer Products with pro·per 

design. All inputs to the board have Schmitt triggers which 
provide superior noise immunity. Next, we select only first quality 
components for assembly. To catch infant mortality, we test all 
boards following assembly, fully burn them in, and then retest at 
full operating speed. Rigorous quality control is used throughout 
the manufacturing process. 

• 	Fully Static TMS 4044 
These Texas Instruments 4K by 1 fully static memory chips 

require no critical clocks or refresh. They allow a straight-forward, 
clean design ensuring S-100 bus OMA compatibility. 

• 	Parallel Addressing Feature 
You may choose to locate blocks of RAM at more than one 

address simultaneously. This feature is ideal for mixing North 
Star software, which begins at 2000H, with other software 
beginning at OOOOH. With parallel addressing you can locate 
blocks of RAM in the lowest BK and at some higher address at the 
same time. 

250 nsec. chips - $495 
Z-BOA 4 Mhz. Fast-This fully assembled and tested 

16K board was designed to operate without wait states 
in a 4 Mhz. Z-BOA system allowing over-generous time 
for CPU board buffers. It '" loafs along'" in slower 8080 
and 8085 systems. 

450 nsec. chips - $465 
For 2 Mhz. Systems - Same circuit as above but 

priced lower because of less expensive memory chips. 
It is fully assembled, burned-in, tested, guaranteed. 

Guaranteed - Parts and labor guaranteed for one 
fu ll year. 

See at your local computer store 

This product offered to individuals only through 
computer stores. If your local store does not carry the 
16K PLUS RAM , call us for the location of our nearest 
dealer. 

A_sottle Computer Products, Inc. 
~ 1114 Industry Drive, Seattle, WA. 98188 

(206) 575-1830 
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William Rubenstein 
500 Rebecca D r 

St Charles MO 63301 

APL Permutations 


Terry Smith's article concerning the eight 
Queens problem was a disappointment. The 
problem has been treated instructively and 
solved elegantly by Wirth (in Algorithms + 
Data Structures = Programs), and the 
muddy, unorganized approach to a solution 
taken by Mr Smith demonstrates poor prob
lem solving skills which should not be per
petuated. His inabil ity to write a program 
which generates permutations is to be 
expected. 

I am offering a permutati on function in 
APL. Input to the function consists of two 
vectors, X and Y. X is the left side (or the 
high order end) of a partially completed 
permutation. Y is the set of available sym
bols to be concatenated with X. At state
ment 1, I (a local variable) is initialized to 1. 
If Y contains on ly one element, statement 2 
will be executed next, else statem ent 4. At 
statement 2 the completed permutation (Y 
concatenated with X) is displayed and the 
function is exited at statement 3. 

At statement 4 an element of Y is con
catenated wi th X and becomes X to a recur
sive invocation of the function. The Y for 

the recursive invocation is all elements of 
the set Y with the exception of the one 
which was concatenated with X. Further 
recursive invocations will eventually reduce 
the set Y to one element and cause output 
of a completed permu ta ti on. Statement 5 
steps the local variable I and causes a return 
to statement 4 until each element of Y has 
been processed. 

In an initial invocation (see listing 4), X 
is an empty vector and Y contains all sym
bols of the set to be permuted. The method 
assures a systematic and complete pro· 
duction of all permutations. The Y vector 
may be either numeric or alphabetic. 

My solution is a "first cut" at the prob
lem . I am certain that much better solu
tions will occur to me and are known to 
others. A nonrecursive solution can be 
found in Dr Dijkstra's book A Discipline 
of Programming. 

It could be that Smith's problem stems 
from his choice of the BASIC language, 
whose lack of recursiveness and local vari
ables (among other de ficiencies) presents 
constant barriers to problem solving. I 
recommend APL or Pascal to him. I also 
recommend that he find some different 
"software experts" with whom to consult. • 

Fastest EPROM Erasing! 
WITH RELIABLE }JP~® SYSTEMS 

Automatic 
Timer Chip 

System Control Capacity Price 
PE-14 No 6 $ 59.50 
PE·14T Yes 6 84.50 
PE·24T Yes 9 114.50 
PR·l25T Yes 16 259.00 
PR-3201' Yes 36 425.00 
PC-1000 Yes 72 895.00 
PC-2000 Yes 144 1,345.00 

Whether you're erasing one EPROM 
chip or a thousand. you'll want the 
latest and most advanced UV erasing 
system available. We have seven high 
performance systems to match your 
specific needs and your pocketbook. 
Prices start at $59.50. You can erase 
safely and completely in as little as 7 
minutes! And each system is backed 
by Spectronics Corporation .. . leader in 
ultraviolet technology since 1955. 
Write or call for more information and 
the name of your nearest authorized 
stocking dealer. 

220 VOLT UNITS AVAILABLE 

DD S PEC T RONICS CORPORATI ON 
956 BRUSH HOLLOW ROAD. PO. BOX 483 
WESTBURY. NEW YORK 11590 
516-333-4840 
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Listing 4. 

VPERM[01V 
v X PT::RM Y ; I 

r i 1 -+[,q ( f+-] l# (l y 
[ 2 J x. y 
[ 3 ·1 -+ O 
[ 4 I [,: ( x . YI r l )Pf.RM({>', n y I I y 
[ 5 I -• ( ( p Y ) ~ I •-1 + 1 l I /, 

PERM ' ABCD. 
A /?C D 
A llDC 
ACRD 
ACD !l 
ADNC 
ADC /! 
flACD 
!<ADC 
BC AD 
RCD!I 
RD/IC 
ROCA 
CARD 
CADR 
CR /ID 
CRD A 
COAR 
CDBA 
DARC 
DACB 
DB/I C 
DBCA 
DCAB 
DCBA 



for software hungry 
people! 

STARVING FOR SOFTWARE? 

Hayden serves up a feast 

Available now are Hayden Computer Program Tapes - complete, 

ready-to-run programs on cassettes, compatible with these best-selling machines: 

PET, KIM, TRS-80 Level I, TRS-80 Level II , Apple II , and Exidy' s Sorcerer. 

Full documentation is available with each tape or in separate guides. 


Right now, these tapes are available: 
SARGON: A Computer Chess Program (the 
winner at the 1978 West Coast Computer Faire 
Chess Tournament)

~Game Playing with BASIC (27 game-playing 
~f' programs on 3 cassettes) 


~How to Build a Computer-Controlled Robot 

~f' (the 5 control programs for a computerized robot) 


~The First Book of KIM (28 recreational and 13 

~f' utility programs to be used with the KIM-1) 

~General Math (9 programs covering basic math 

~f' topics) 


c 

c 

Complex and Matrix Math (8 programs on these 

two advanced topics) 


basic engineering math topics) 

Available now[JJ at your local computer store! 
Hayden Book Company, Inc. 50 Essex Street, Rochelle Park, NJ 07662 
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The Queens Encounter MUMPS 


Frank Freeman 
7265 W Pineview Dr 
Littleton CO 80123 

I enjoyed reading the solu Lion Lo Lhc 
eight Queens problem by Terry SmiLh . The 
method is, indeed, very nonstructured. So, 
I hope not vindictively , I did it wi th a struc
tured method . That is, I coded the solu tion 
in eigh t lines of MUMPS code (see listi ng 5}; 
and ran it on my micro NOVA. The com
puter printed th e 92 solutions in 15 minutes 
30 seconds. 

Listing 5. 

A F A=1: 1 :8 S Q(A)=O,H(A) =O F 8 =1: 1 :8 S DIA B)=O,E(A+B)=O 
S A=l ,B=0,0(0)=0 

R 
T 

D T,U G:A R Q 
S B=B+1 Q:B >a G:H(B)I D(A- BllE(A +B) T 
S Q(A)=B,H(B)=1 ,D(A- B)=1,E(A+B)=1 Q 

U I B<9 S A=A +1,B=O Q:A <g D P 
S A=A-1 ,B=Q(A).H(B)=O,D(A- Bl=O,E(A+B)=O Q 

P W ! FJ= 1: 1:8WQ(J) 

SPECIALIZING IN 


Herc is the structure, as I verbalized it 
afte r writing the program: 

A: ini tiali ze the test points. There arc 
eight ver tical columns; eight horizontal 
rows; and 30 diagonals, al l set to 
"false." 

R: main loop. Ex it : no more solutions. 
T: test 	 a column for th e nex t non

attacked point. Val id, set test points 
to "true." Invalid, top of row: B=9. 

U: try 	 ano ther column. Valid test: next 
column : A=A+l . If A is greater than 8, 
print resu lt, and " fall thru " to invalid 
test: back up a column and set its test 
points to "false." 

P: 	 pri nt result. 

Voil a ! A return blow from structured pro
gramming. My MUMPS which combines th e 
interpreter, a data base hand ler, and an oper
ati ng system cos t $3000.• 

QUALITY MICROCOMPUTER HARDWARE 
INDUSTRIAL • EDUCATIONAL • SMALL BUSINESS • PERSONAL 

BUILDING BLOCKS FOR MICROCOMPUTER SYSTEMS, CONTROL & TEST EQUIPMENT 

R2 1/0 
2K ROM 16 KRAM 
2K RAM FULLY STATIC 

3 Serral Ports MEMORY 
1 Parallel Pon 

ECT-100-F 
RACKMOUNT TT-10
CARD CAGES 

TABLE TOP 
MAINFRAMES 

144 l=tbruary 1979 © BYTE Public.uions Inc 	 Ci rcle 120 on inquiry card . 



Write bug-free code faster in BASIC, 
FORTRAN, or COBOL with our 
unique software development system 
Enjoy a bonus in better documentation and easier modification, too 

Yes. you rea lly can get flawless code faster. 
using lhe Stir ling/Bekdor f™ system o1 so1tware de
velopment too ls with struc tured programming con
cep ts. Not only does the system help prevent errors, 
it also helps you trap errors you do make, quick ly. 

Each tool is human-engineered to do its job 
better. Every step in the programm ing process, 
from initial logic design through pr int-out or display 
layout, flows more smoo th ly with the St irling/Bekdor1 
system. Designed to make 1ullest use o1 structured 
programming concepts, our so ftware development 
tools are human-engineered to reduce initial errors, 
improvede-bugging speed, and aid concept commun
ication. 

When you use " top-down" structured program
ming, th e fir st part o1 our system to help you is 
ll1e 78F2 Fl owchartrixr~ no matter what language 
you're using. You use it first to lay out your or iginal 
concept blocks. Then you use ii to write a fi nely 
detai led flowchar t Qui te smoothly. 

54%more logic cells than other flowchart forms, 
so you get far more of your program on each page. 
Each Flowchartrix has a full 77 logic cells. not ju st 
50. This not only saves paper. but also makes 
your finished flowcharts easier to understand. By 
seeing up to 27 extra steps of your program on 
each page. you comprehend program flow more cl
early . That's important wh ile writing the flowchart, 
more important when you wri te ac tual code. It's 
also extremely helpful when you debug. and indis
pensab le when you come back months or years 
later lo modify you r original work. 78F2's higher 
matm count makes your flowcharts quicker to de
bug because th ere are fewer pages to search for 
err ors_ Fewer pages also save you money and sto r
age space 

Unique matrix can show your loops AS loops. 
The 7 x l l matrix gives you a central column to 
use for executive con trol logic. plus 3 co lumns on 
each side to describe loops and subroutines. In 
fact. these 3 columns on each side give plenty of 
room to write loops laid out visually as loops (sor t 
of a squared circle). This makes loops and sub 
rou ti nes easier to recognize, because their form is 
readi ly apparent at a glance. Since they're easier 
lo find. and may even be completed on a singl e 
page. they're also simpler lo debug or modify. 

Every matrix cell has a specific label to help 
you track branch points. Now it's far easier to 
follow your program from page to page. poi nt to 
point. When you write program docu mentation. 
having asepara te referencepoint for each cell makes 
vo11r program much easier to desc ribe clearly. 

With flowchartrix, you don' t need a shape tem
pi ate to draw remarkably regular logic symbols. 
G111des for lhe most-used lo~ic symbols are right 
rn each matr ix cell. They helpyou draw most stand 
ard flowchar t symbols en tirely free-hand. With 78F2, 
you r pencil can fly as last as you can write, with 
ou t in terruption. Wh en a flash of insight stri kes, 
now you cankeep your pen on paper, flowing rapidly 
from one step to the next withou t break ing to pick 
up a templa te. 

78P4 Print·Out Designers are the next step. 
l'Vhen you frnish 11owchar ting. you 're ready to lay out 
th e pr inted reports your program will generat e. This 
helps yo 11 focus your thinking on the end result 
lo be produced from all your effort. Then when 
you begin to fo llow the flowchart to write actual 
co de you 'll be ready to blaze through the report 
~eneratron segments righ t along with the sor ts and 
comoutalions_ 

Unique 70 x 160 matrix accommodates even 
proportional-spacing word processor formats. The 
160-column width can hand le practically any printer 
formal. The 78P4 is brg, 14 11x22 inches, because 
we've scaled the cel l size to human writing comfort. 

not machine print. Each 78P4 character cell is 3mm 
wide by Smm high, giving nearly twice thecharacter
writing area of other printout design sheets. Special 
mark ings at columns 80, 96. and 132 show you 
the relative positron ol each printed character. 
Scaledpage length arrows reference th elast possible 
pr in ted line for standard 817" and l l " paper (for 
printers with 6 verti cal lines per inch). 

Special S·column area records the program tine 
number of the code which creates each printed 
fine. This unique feature makes the control code 
much laster to debug and modi1y. It shows, at 
a glance, exactly which line o1 code creates each 
line of your report. saving hours of needlesssearch 
time when you must make a change rn the report 
form~t (and don't yo u always have to. sooner or 
l ~ t er 1 1 

Now you've done your 11owcharting and planned 
the printed reports, you're ready to write the clean
est code you've ever created. And Stirl ing/Bekdorl's 
78Cl Combination Coding/CRT Layouts will help 
you do it faster. If you're using separate coding 
forms and CR T layouts now. you'll rea lly enjoy the 
improvements we've designed for you in th e com 
bination 78C l. 

Every sheet gives you 2 form uses for the price 
of one. When display layout and line folding points 
aren't critical, use 78C l's full 28 line x 80 column 
gr id area lor regular program steps_ Then for in ter 
active or inst ruct ional sec tions, to plan display lay· 
ou ts simply keep your charac ters with in th e appro 
priate CR T indicator lines, and you'll automatically 
know where every character wi ll show on your CRT 
sc reen. 

Gives you 4 extra coding lines on every sheet. 
Full 28 line x 80 column coding capacity saves you 
14 sheets out of every 100, compared to 24-line 
forms. 86 sheets hold more program steps than 
100 sheets of any 24-line form, yet we ol1er full · 
size 6mm x3mm grid blocks to give you comfortable 
wri ting room and visual space between lines. 

Works with your CRT display, no matter what 
brand you own. Equipped for both 16 line x 64 
colu mn and 24 hn e x 80 column display formats. 
78C l is compatibl ewithyour video terminal. 

Available in three separate versions (one for 
BASIC languages, one for FORTRAN, another fo r 
CO BOL), th e 78Cl is so powerful we include a 7
page instruction manual with every order, to help 
you discover every facet al its unmatch ed capabilit ies. 

Every toot in the Stirting/Bekdorf system is sur
face-engineered to take both pen & pencil without 
blotching. Our tough, extra-heavy, 22 ~ paper is 
pure enough to use with cri tical magnetic ink ch ar
acter reade rs, although you' ll probably never use 
it that way. We use it because it gives crisp, sharp 
ch aracters wheth er you wri te with penci l or plastic· 
tip pens. 

Every part of our system uses eye-comfortable 
soft blue grids. All grid rulings, tints. and division 
rules are reproduced in a special shade of blu e. 
We chose it because it's easy on your eyes, even 
alter hours of con tinuous programming. If you 
write so1tware as a professional programmer. you 'll 
particularly appreciate the improvement over th e 
green lines you've been writing on_ 

A 3-ring binder is one more of our secrets for 
your success. Every tool in lhe S/B system rs de
signed to work together in a standard 3-ring binder. 
All your notes. logic concepts. flowcharts. code. 
CRT layouts. print-au! designs. and docum en tation 
can be kept together_ in order. in on e place. This 
saves time every time you sit down to writ e. It 
also makes debugging and modi fi catio n immensely 
simpler . By ensur ing everything you create stays 
togeth er, you assure you can find thearea you need 
to mod ify when lhe time comes, whether it' s next 
week or next year. You can readily recapture your 
original train of lhoughl by scanning your llol'lcharts. 
then go directly to the area of co de you need to 
alter. In fac t. when you use our system to its full 
est. even another programmer can quickly compre
hend your original think ing, so he can help you 
make changes or ex tensions. 

Order your supply of the world's most advanced 
so1tware development toots, right now, before you 
hatch even one more bug. Ask your loca l computer 
store for Sti rl ing/Bekdorl 78F2's. 78P4's. and 78Cl 's. 
or use the coupon below to get your supply. 

r----------------------------------------~YES! Please rush the programm ing aids indica ted below: 

78F2 Flowchar lr ix 
- 2 pads of 50 - $1 90 + $2.8S pkng & sh pg 
- 10 pads of 50 - SJ4 35 • ~6 4S pkng & shpg 

78P4 Prinl-Out Design Sheels 
"J I pad of SO - SI 45 - SJ 15 pkn2 & shpg 
- S pads of 50 - S32 10 - S6 75 pkng & shpg 

3-hole punched vinyl pock els for 78P4 Design Sheers 
n sel of 5 for S2.65 + $1 35 pkng & shpg 
n sel or 12 fo1 $5.00 + $185 pkng & shpg 

78Cl Combinalion Coding/CRT Layouls 
All aie the ;ame p11ce. bu l please chec< which language 
formal you wan I 
- ror BASIC r- fo1 ro RT RA ~ fo1 CO BOL 

[1 2 pads of SO = $6.3S _.. Sl 95 pknR& shpg 
I' 10 pads of 50 = S26.8S + $3 JS pkng & shpR 

rt.ton fUtdti11$ oie..st .)dd ~ ~~ . s.a l e~ ldt to bait ~hCf' . We ~hill 

UPS so P 0 801 ,add,tss must ifVt phoot numbtt P11cel. Vi6·"'n 

lor pu•tnt & sh10111nt are US A only lnternalmnal st11pp1~ rain 

aft tu1tte•. 11mtt tor details 

O 	 Sample of one sheet ol each form + Charge to: D Master Charge o Visa exp. da te _ 
associated labels & li teralt11 e· $2.50 Card f --------- --- --

Enclosed is my check lor ..,____ _ _ )ignature_____________ _ 
Name _ _________ ____________________ 

Address 

City ____________ State ________ Zip _ ______ 


Stirling/Bekdoif 

4407 Parkwood o San Antonio , TX 78218 o (512) 824-5643 

•b2 	 © 1918 S1t1l1nc11Stkdort or •. ol Bl1cht1n Mkta,. Cp~ IAt. 
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Bill White 
113 Wayside Ct 
Cherry Hill NJ 08034 

Eight Calculating Queens 

Terry Smith 's ar ticl e on the eight Queens 
problem brou ght back fo nd memories of the 
first time I "solved" the problem - more than 
20 years ago, on an IB M 650. Just for the 
fun of it, I resurrected my program and 
adapted it to a programmable pocket ca lcu
lator-the Texas Instruments SR-56. Listing 
6, the resulting 100 step program, is shown. 
The runn ing tim e for the entire set of 92 
solutions is arou nd 14 hours. 

A wor·d or two about the algori thm 
underlying this program - the problem 
becomes quite a bit simpler if it is restated 
from a geometric to a numeric orientation , 
namely: 

Dete rmi ne all 8 digit numbers of the 
form 

-D1 D2 D3 D4 D5 D6 D7 D8 

consisting of all the digits ·1 thru 8 such that 

the abso lute value of the difference of any 
pair of digits Da and Db does not eq ual the 
differe nce between their relative positions 
in the number, ie: 

As a matter of further· interest, I pro
gram med the same approach on my Sig
netics 2650 microprocessor. The program, 
with in itialization but excluding display 
steps, requ ired 63 bytes of memory, and it 
took a lit tle less than 4 seconds to display 
al l 92 solu tions on my screen. 

I fee l that four furth er comments on 
Mr Smith's articl e arc relevant. 

·1. The number of unique solutions to 
the Queens problem is 12, not 23 as re
ported. This becomes more obvious wh en 
th e solutions are represented as numbers 
rather than as geometric figures as stated 

A price 

that's hard to beat. 


Because of new technology and high-volume company 
sales, Central Data Corporation has reduced the price of 
its 16K RAM board by $40 and its 32K RAM board by $50. 
Plus, we now offer full 48K and 64K RAM boards. Our 16K, 
32K, and 48K boards are expandable to 64K in 16K incre· 
men ts. 

• 	16KRAM-$249 • 48KRAM-$599 
• 	32K RAM-$425 • 64K RAM-$775 

• 	Memory Expansion Package ( 16K)-$185 

As always, our boards come complete-fully assembled, 
burned-in, and ready to use. 

Central Data Corporation's RAM Board 

A product 	 Standard Features 
• Power-saving dynamic board with on-board invisiblethat's better than ever. 	 refresh 
• One-year guarantee on parts and labor

We've also made improvements to our board's design at • S· 100 and Z-80 compatible
no extra cost to you . 

• Deselectable in 2K increments. Our deselect For specifications and other information, or to place an 
feature enables you to switch off any 2K to avoid order, contact: 
overlap with your existing memory. 

• 	Fully socketed memory. This feature enables you Central Data Corporation 

to expand the memory board yourself. 
 P.O. Box 2484, Station A 

• 	Plug selectable addressing. Now you can re· Champaign, IL 61820 
address without soldering. 

Ph. (217) 359-8010 

146 Febru.iry 1979 © UYTE Public;Hiuns Inc 	 Circle 45 on inquiry card . 



MEMORY SALE! have it your way ... 

16K 	 $295.00 !! (450 NS) ~2K $485.00 !! (450 NS) 

$S27.00 ! ! (250 NS) $549.00!! (250 NS) 

ASSEMBLED AND TESTED ONLY ! . .... Check fea tures before you buy any other memo1y 

• 	 Ex tended addressing al lows board to exist anywhere • Static, of course 

in 1 megabyte of memory on st andard S-100 bus 
 • 	 Phan tom li ne 

• 	 LOW Power, 1.8 A mp per 16K • Each 4K block locateab le anyw here 

• 	 9 Regula tors for perfect heat distr ibution • Ful ly tested and burned in for 48 hours 

ADD-ON MEMORY CHIPS · $4.95 EACH ! ! (TMS 4044 or MM 5267) - 8 Chips - Minimum order 

16K 

32K .. 

MEMORY MANAGEMENT 	 $135.00 ! ! 

• 	 Turn banks of memory on and of f 

• 	 "Sensitize" board to 15 CPU instruct ions (similar to DEC System) 

• 	 Ex tends addressable memory space to 1 megabyte 

Z-80 CPU 	 $195.00 ! 

• 	 2 Parallel + 2 Serial Ports 

• 	 2 MHz or 4 MH z Switch Selectab le 

• 	 Baud Rates 150-9600 

• 	 Power on Jump to On Board Eprom (2708 or 27 16) 

VIDEO TERMINAL SIMULATOR $295.00 ! ! 
• 	 Plugs into S· 100 Bus and simulates al I functions of a Soroc or 

other RS -232 type termi nal. A simple video monitor such as 
a Sanyo or Sony TV wi ll perform as a smart termi nal by writing 
into an I 0 Port . 

• 	 2K Eprom, 4K Ram (2 video pages) 

• 	 Lower Case Descenders ( 16 x 64 or 24 x 80) 

• 	 Tabs, protected fields, home/ load cu rsor, bl ink , reverse video, 
underline, page erase, etc . 

West Coast: 	 ORDER NOW! East Coast : 

DELTA 	 PRODUCTS NEW LENOX ELECTRON/CSSA u :s
1653 E. 28th Street 	 1254 South Cedar Road 

&Long Beach , Cal if . 90806 	 New Lenox , Ill. 60451 
SERVICE Tel. (213) 595-7505 	 Tel. (815) 485-9072 

Perw11al checks must clear before ship111c•11t • 90 day 1111co11ditiu11al warranty • B of A, 114/C Okay 
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Registers 

0 Tria l Digit 
1 Solution 
2 Number of digits 
3 6 
4 Partial solution 
5 8 ---
6 Number of solutions 

before. With no convention defined fo r 
displaying a "solu tion," we are free to 
define the "home position" ( 1 in Di) as 
occupying any of the 4 corners of the 
chessboard. Also, we are fu rther free to 
measure the digit values Di either 
horizontally or vertica ll y fro m the home 
position, with the digit position i bei ng 
measured in the other (vertical or hori
zontal) direction. Thus, each solution is 
one of a fami ly of eight identical so lutions 
(ie: the first solu tion, 15863 724, leads 
immediately to the so lu tions 17582463, 
36428571, 4273685'1, 57263148, 6357
1428, 82417536, and 84136275). The 
"sharp" reader will note that the tota l 
number of solutions, 92, is not div isible by 
8. The reason is that one of the solutions
35281746 in its minimum form - is partially 
symmetrical and generates itself as a 
variation. 

2. Mr Smith suggests that his next pro
blem will be to substitute "Maharajahs" for 
Queens, where a Maharajah com bin es the 

Listing 6. 

LOC CODE KEY LOC CODE KEY 

oo 38 ( • eMs) 25 33 (srn) 

01 oo CD 26 03 CD 
0 2 32 (x~t) 27 34 ~ 
03 34 (@ 28 01 C2:> 
04 00 CI) 29 33 (srn) 

05 35 (suM) 30 04 IT) 
06 01 CD 31 01 IT) 
07 92 ~ 32 35 (suM) 

08 01 CD 33 o3 CD 
09 30 @ROD) 34 34 (Rel) 

10 01 ~ 35 04 CD 
11 34 (Rel) 36 37 (•x: t) 

12 02 GJ 37 00 IT) 
13 74 c=) 38 o3 CD 
14 08 CTI 39 64 ~ 
15 33 (srn) 40 01 IT) 
16 oo CD 41 oo CTI 
17 94 C) 42 74 C) 
18 37 ( •x: t) 43 12 ~ 
19 09 CD 44 29 ~ 
20 oo CD 45 33 (srn) 

21 01 CD 46 o4 CD 
22 35 (suM) 47 74 C) 
23 02 (2) 48 34 ( RCL) 

24 oo CD 49 00 CI) 

Execution Notes: Load Program, ( RST). ~. 

moves of Queen and Knight. Inspection of 
the solu tions will demonstrate that this 
is impossib le- any solution of the Mahara
ja hs problem must also be a solution to the 
Queens problem, and each of the solut ions 
to the Queens problem has at least one pair 
of pieces that are a Knight's move apart. 

3. A more interesting variation to the 
problem is to generalize the problem for an 
n by n chessboard. 

4. In the 1950s, a game manufacturer 
had a somewhat popular game consisting 
of an 8 by 8 pegboard together with eight 
sets of colored pegs, each set a different 
color and consisting of eight pegs . The ob
ject of the game was to place all 64 pegs into 
the board so that there were no two pegs 
of the same colm in any horizontal, vertical, 
or diagona l row. If you try to program 
this problem, you'll find it very difficult 
to debug. (A clu e is that the game manu
facturer offered a $1000 prize to anyone 
who could send in a solution - and he's 
sti ll in business.)• 

LOC CODE KEY LOe CODE KEY 

50 

51 

52 

53 

94 

3 7 

06 

03 

L) 
( •x: t) 
G) 
CD 

75 

16 

77 

18 

34 

01 

64 

01 

(Rel) 

CD 
~ 
CD 

54 

55 

28 

74 

~ 
~ 

79 

80 

00 

74 

~ 
C) 

56 

57 

58 

34 

o 3 

94 

( Rel ) 

CD 
C) 

81 

82 

83 

29 

33 

oo 

( *INT) 

(srn) 

CD 
59 12 ~ 84 94 C) 
60 

61 

62 

63 

64 

37 

o3 

01 

21 

02 

( •x: t) 
CD 
CI) 
(·osz) 
CI) 

85 

86 

87 

88 

89 

33 

01 

22 

06 

03 

(sTO) 

CD 
(GTO) 

CD 
CI) 

65 

66 

04 

01 

~ 
CC) 

90 

91 

01 

35 

C) 
(suM) 

67 12 ~ 92 09 ~ 
68 

69 

70 

35 

02 

34 

(suM) 

GJ 
(Rel) 

93 

94 

95 

34 

01 

41 

(Rel) 

C) 
@D 

71 

72 

73 

74 

02 

37 

09 

09 

CI) 
(•x: t) 

IT) 
CD 

96 

97 

98 

99 

22 

07 

05 

41 

(GTO) 

CI)
CD 
@D 

rea d solution. Be Patient!! 
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SYM-1, 6502-BASED MICROCOMPUTER 
• 	 FULLY-ASSEMBLED AND COMPLETELY INTEGRATED SYSTEM that's 

ready-to -use 
• 	 ALL LSI IC'S ARE IN SOCKETS 
• 	 28 DOUBLE-F UNCTION KEYPAD INCLUDING UP TO 24 "SPECIAL" 

FUNCT IONS 
• 	 EASY-TO-VIEW 6-DIGIT HEX LED DISPLAY 
• 	 KIM -1 ' HARDWARE COMPATIBILITY 

The powerful 6502 8-Bi t MICROPROCESSOR whose advanced 

arc hitectura l features hove mode it one o f the largest selling " micros" 

on the market today. 


• 	 THREE ON-BOARD PROGRAMMABLE INTERVAL TIME RS ovoilob le to 
the user, expandable lo five on-board . 

• 	 4K BYTE.ROM RESIDENT MONITOR and Operating Programs. 
• 	 Single 5 Volt power supply is a ll tha t is required . 
• 	 1 K BYTES OF 2114 STATIC RAM onboord with sockets provided for 

immediate expansion to 4K bytes onboord, with total memory expo n· 
sion to 65, 536 bytes. 

• 	 USER PROM/ ROM : The sys tem is equipped wi th 3 PROM/ ROM ex· Synertek hos enhanced KIM· 1 • software os well a s the hardware . The
ponsion sockets for 2316/ 2332 ROMs or 27 16 EPROMs sof tware hos simplified the user inte rface. The ba sic SYM-1 system is 

• 	 ENHANCED SOFTWARE with simplified user interfoce programme d in mac hine language. Mon itor status is easily accessible , 
• 	 STANDARD INTERFACES INC LUDE : and the moni tor g ives the keypad user the some full functional capabili 

- Audio Cossette Recorder In terface with Remote Contro l (Two ty of the TTY user . The SYM-1 hos e verything the KIM· 1* hos to offer, 
modes: 135 Baud KIM-1' com patible, Hi-Speed 1500 Baud) plus so much more tho! we ca nnot begin to tell you here . Sa, if you wont 

-	 Full duplex 20mA Teletype Interface to know more, the SYM-1 User Manual is avai lable, separate ly . 
-	 System Exponsio n Bus lnterfoce SYM- 1 Complete w / manual$ $269.00 
- TV Controller Boord Interface 	 SYM- 1 User Manual Only 7.00 


SYM-1 Expan$ion Kit 75 .00
-CRT Compatible Interface (RS-232) 
• 	 APPLICATION PORT: 15 Bi -directional TTL Lines for user applications Expansion includes 3K of 2 114 RAM chips and 1-6522 1/ 0 chip . 

wi th expansion capability fo r added lines SYM-1 Manuals: The well orgoniied docu mentotian package is com
• 	 EXPANSION PORT FOR ADD-ON MODULES (5 11/ 0 Lines included in plete o nd e a sy-to- understand . 

the b asic system) SYM-1 CAN GROW AS YOU GROW. Its the system to BU ILD-ON. Ex· 
• 	 SEPARATE POWER SUPP LY connector for easy d isconnect of the d -c pe nsion feat ures that ore soon to be offered: 

power SK 8a$ic ROM $159.00 
• 	 AUDIBLE RESPONSE KEYPAD TV Interface Board 349.00 

QUALITY EXPANSION BOARDS DESIGNED SPECIFICALLY FOR KIM-1, SYM-1 & AIM 65 
These boards ore set up for use wi th a regulated power supply such a s the one below, but , provisions hove been mode so that yo u con odd 
onboord regulato rs for use with on un regulated power supply. But, because of unreliabil ity , we do not recommend the use of onboard 
regulators. All l.C .'s ore socketed for ea se o f maintenance. All boords carry lull 90-day warran ty. 
All products that we manufacture ore designed to meet or exceed industrial standards. All components are first quoltiy and meet full 
manufacturer's specificat ions. All this and on extended burn-in is d one to reduce the norma l percentage of field failu res by up to 75% . To you, 
th is means the chance of inconvenience a nd lost time due to a fa ilure is very rare; but , if it should happen, we guarantee a turn-around ti me of 
less than forty- eig ht hours fo r repa ir . 

Our money back guarantee: If, for any reaso n you wish to return ony boo rd that you hove purchased directly from us within ten (10) days ofter 
receipt , complete, in original cond ition, ond in original shipping ca rton; we will give yo u a complete credit o r refund less o $10.00 restocking 
charge per board . 

V AK- 1 S-SLOT MOTHERBOARD 
This mo therboard uses the KIM-4 • bus structu re . It provides eight (8) 

expansion boo rd sockets with rigid cord cage. Separate jacks fo r audio 
cassette , TTY and power supply ore provided. Fully buffered bus . 

VAK- I Motherboard 	 $129.00 

VAK-2 / 4 16K STATIC RAM BOARD 
Th is board using 2114 RAM s is co nfig ured in two (2) separately 

addressa b le BK blocks with individual wri te -protect switches. 
VAK-2 16K RAM Board with only $239.00 

SK of RAM ( Yi populated) 
VAK-3 Complete set of chips to $175 .00 

expand above board to 16K 
VAK-4 Fully populated 16K RAM $379.00 

VAK-5 2708 EPROM PROGRAMMER 
This boa rd requires o +5 VD( ond ±12 VDC, bu t hos o DC to DC 

multiplyer so th ere is no need for on additional power su pply. All 
software is resident in on-board ROM, and hos o zero-insertion socket . 

VAK-5 270S EPROM Programmer $269.00 

VAK-6 EPROM BOARD 
This board will hold SK of 2708 or 2758, or l6K of 2716 o r 2516 

EPROMs. EPROMs not included. 
VAK-6 EPROM Board 	 $129.00 

VAK-7 COMPLETE FLOPPY-DISK SYSTEM (Feb. '79) 

V AK-8 PROTYPING BOARD 
This board allows yo u to creole your own interfaces to plug in to the 

motherboard . Etched circu it ry is provided for regulators, address and 
da ta bus drivers; with o large area for either wire-wrapped or soldered 
IC circui try . 

VAK-S Protyping Board 	 $49.00 

POWER SUPPLIES 
All POWER SUPPLIES ore totally enclosed wi th ground ed e nclosures fo r safety, AC power cord , and carry o full 2 -yeor warranty . 

FULL SYSTEM POWER SUPPLY 
This power sup ply will handle a microcomputer and up to 65K of our KIM-1 • Custom P.S. provides 5 VOC @ 1.2 Amps 

VAK-4 RAM. ADDITIONAL FEATURES ARE : Over voltage Protect ion on 5 
volts, fused , AC on / off switch . Equiva len t to units sell ing for 5225 .00 or 

and +12 VOC @ .1 Amps 
KCP1 Power Supply $41 .50 

more. 
Provides +5 VOC @ 10 Amps & +12 VOC @ 1 Amp SYM-1 Custom P.S. provides 5 VOC @ 1.4 Amps 

VAK-EPS Power Supply $125 .00 VCP-1 Power Supply $41 .50 
"KIM is o product of MOS Technology 

2967 W . Fairmount Avenue ENTERPRISES Phoen1K AZ 85017 
I N CO RPORATED (602 )265- 7564 Pr ices in effect Nov. '78 
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In a small computer system with an ASR 
33 Teletype-compatible term inal it would be 
convenient to connect a video terminal or a 
cassette interface to work in parallel with 
the termi nal. Figure 1 shows a simple circuit 
with only two integrated circuits and six 
resistors which can convert a 20 mA cu rren t 
loop format to RS-232 format or to stan
dard transistor-transistor I ogic (TTL} format. 
This circuit uses two 311 comparators, one 
in parallel with the wires to the printer and 
one in series with the wires from the key
board. The 311 chips al low this circuit to 
be used with a microprocessor voltage range 
of ±15 V. Consequently, this circuit can 
be directly used with most types of 20 mA 
current loop interfaces. 

The circuit shown is designed to interface 
with standard TTL levels. For example, 
this can be connected to a cassette interface 
board (5 D Sales) to make your cassette look 
like a paper tape punch/reader. If you use it 
in this way, a switch can be installed, short
ing A to B in order to eliminate the echo to 
the microprocessor during r·ecord. This 
switch is then ope ned during play . It is 
also possible to operate without a Teletype 
altogether by installing a switch which places 
a 15 ohm resistor across the printer wires 
(C and D) and shorting the keyboard wires 
(E and F). 

In order to convert this circuit to RS-232, 
simply reconnect pin 1 on th e 311 (A) from 
ground to - 5 V. If your system uses ±12 V 
then pu t -12 Von pin 1 instead of -5 V 
and connect the pu ll up r·esistor (1 k located 
at pin 7) to +12 V instead of +5 V. If your 
microprocessor system only uses a positive 
supply to generate and receive the 20 mA 
current loop, then it is possible to save the 
negative power supply. Just use ground 

Figure 7: Interface circuit for connecting a TTL compatible circuit with instead of the -15 V supply to pin 4 of both 
RS-232. comparators.• 
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DATA-SCREEN ® TERMINAL 
A NEW LOW COST, MICROPROCESSOR 

CONTROLLED CRT TERMINAL 

QUALITY - APPEARANCE 
ECONOMY 

ONLY $995. 00 (QTY 1) 

DE LIV E RED CONT. USA 

90 DAY WARRANTY GUARANTEES YOU 
YOUR EQUIPMENT WORKS PROPERLY 

1 YEAR EXTENDED WARRANTYGo First Class 
A T SPECIAL RA TES 

f/ Our Specifications Before You Buy 
SPECIFICAT IONS

DISPLAY 

SCREEN CAPACITY , CHARACTERS 2000 

CHARACTERS PEA LINE .... .... 80 

NUMBER OF LINES .. ... , ..... 25 

SCREEN ... , .. , . . , . 

TUBE SIZEIOIAGONALI 

VIEWING AREA . . . . . . 

CHARACTE R SIZE . . 

REFRESH RATE . . . . . . . 

SCAN METHOD 

, . . ... P4 phosphor (wh i 1el 

12 ;nches130.4 cml 

. .... 54 squ•'" ;nches (137 . l cml 

. . . . . . . . . . . 

CHARACTER GENERATION . . . • . 

CURSOR ... •• . .. ..... .. . . 

MEMORY 
TYP E ... . 

CAPACITY . . . 

OPERATOR CONTROLS 

POWER ON/OFF SWITCH . 

. . .• • .. 

• . 

0 .20 " high x .08" wid• (5 .08 
mm high x 2.03 mm wid@I 

60 Hz (50 Hz available) 

Ra<1or 

5 x 7 <h•rac ter in an 8 
x 10 dot matrix 

Blinking block 

Random Access Memory 

2000 charac ters: 

On rear of uni t 

BAI GHTNESS CONTROL . 	 ... On rear of unit 

POWER REQUIREMENTS 

Model 501 - \ 15 volts, 60 Hz , 100 watts nominal 
Model 502 - 230 volts, 50 Hz , 100 watts nominal 

IN TE RFACE 

CATA FORMAT 

DATA BITS ... 7 serial, asynchronous 

DATA BIT 8.. . •.•.••.... . 1, 0 or deletod 

PARITY .......•..•..... 	Odd, eveon or deleted 
wilh error displayed as 
OLE 

STOP BITS ........• , .... l or 2 

CATA TRANSFER RATE 50. 75, 11 o. 134.5. 150. 
300, 600, 1200, 1800, 
2000. 2400, 3600, 4800. 
7200, 9600 BAUD 

STANDARD FEATURES 
IN V ERSE VIDEO ..... . . . ..... Operator or so ftware 

se lec1able 

TRANSMIT MODES . . , . . , ... Half or fu ll duplex ("Swi tch 
selec rablel 

DATA ENTRY . . . ..• . . , .. , Top or bottorn li ne 

ENO OF LINE BELL 	 ... . Switch selec table 

CU RSOR POSITIONING ..... X- Y 

CURSOR ADDRESS . . . . . . . . . . . Load and road 

DISPLAYABLE CHARACTERS 

CURSOR CONTROLS . 

AUTOMATIC ROLL - UP . 

AUTO CARRIAGE RETURN 
ANO LINE FEEO 

MONITOR MOOE ... 

.... 126 linclvdrng space) 

Up, down, lelt , r.ght , 
home , reuun 


.. . Switch sc1ec tahle 


... Sw11ch s.elec table 

.. 	Special "Monitor" Mode 
allows display of control codes 
~firs t two columns I ol ASC 11 
Code Chart I.NATIONAL DISTRIBUTOR FOR 

DEALER NETWORK IS NOW BEING SET UP - YOUR 
INQUIRY IS INVITED 

O LDEST INDEPENDENTVISA" 
COMMERCIAL CRT TERMINAL 

MANUFACTURERl• 
38 SALES, INC. P.O. Box 45944 Tulsa, OK 74145 

918 - 622-1058 
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Circle 382 on inqu iry card. 

MORE 
BANG 
PER 

BUCK 
The PERKIN-ELMER BANTAM 

$799.00 
Al l the Features of the 

Hazeltine 1400 & LSI ADM-3A 
Plus 

Upper/ Lower Case 
7 x 10 Char. Matrix 
Wh ite or Black Char. 
Transparent Mode 

Tab Function 
Backspace Key 
Shiftlock Key 
Print Key 
Integrated Numeric 

Pad 

$41.61 per month ' 1 ' 

w ith RS232 

TELETYPE 
MODEL43 

KSR 
10 or 30 CHAR/ SEC 

132 COLUMNS 
UPPER/LOWER CASE 

• 

USR-310 
Originate 
Acoustic 

$149.00 Coupler 
0 -300 Baud Stand Alone 
Crystal Controlled RS232 

• 

USR-330 
Originate 
Auto-Answer 

$324.00 Modem 
FCC Certified for Di rect Connection 

to Phone Lines 
USR-320 Auto-Answer 
Only Modem $299.00 

All Uni ls include a 120 day warran1y 
Optional Main1enance package available 

Any Product may be returned 
within 10 days for a full refund. 

U.S. t(Ut:SU I IL.i::i, INC. 
1035 W. LAKE ST. 

CHICAClO, ILL• 60607 

Sales (312) 733-0497 
General Offices (312) 733-0498 
Service (312) 733-0499 
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Continued from page 10 

have RATFOR for the PDP-"lls in the 
Engi nee ring Faculty and th e main 
UN IVAC 11 00/10, th e lat te r which the 
au thor did . The pena l ly in machine code 
length works out to only 5% 10 I 0% 
while compi lation time is rough ly twice 
(once th rough RATFOR and once 
th rough FORTRAN). Th is is offset by 
the need fo r less recom pilation. In fact , 
gett in g a p rogram to run first time is no 
longer a matter or luck . 

I wholeheartedly support Pasca l , but 
if y our favorit e com pu ter (or local instal
lation) does not have it yet, don't de
spair. As an interim solulion, ge l a 
copy of Software Too ls and write a 
RATFOR preprocessor. You may, as I 
did, learn a few things abou l language 
trans lation in the process. 

I fee l th at users or RAT FO R can 
make the transition lo Pascal painl ess ly . 
Perhaps people could be weaned off 
FORTRAN in this way? Incidental ly , 
the rest of Sort ware Tools is very read
able and gives good code for utilities 
such as an edi tor and a text for111a 1ter. 

One small grouse: I feel th at braces 
make bet ter block markers than begin 
...end tokens as they clu11er tl1 e page 
less. 

Sue-Ken Yap 
4 Pesiaran Syed Putra 
Kuala Lumpur 08-06 

MALAYSIA 

USE OF DESCRIPTI VE VAR IABLES 

I would l ike to make one criticism 
about th e Pascal program, Chess 0.5, by 
Pe1er Frey and Larry Atkin ("Creat in g 
a Chess Pl ayer, Part 2: Chess 0.5," 
November 1978 BYTE, page 162) . 
Although the i r program was no t writ ten 
solely to demonstrate 1\1e merits of 
Pascal as a programm in J.! l anguage, it 
remains an im portan t showcase of t.hc 
language. In acl cl ition, I feel that peop le 
unfam ili ar wit h th e language shoul d 
reali ze how a minor cha nge can im prove 
the program and demonstrate more 
fu ll y 1he power of t l1 c Pascal language . 

The one change is 10 usc long, de
scrip tive procedure and variable names 
th roughou1 the program thus fo llowing 
the spirit and letter of Ili c Pascal lan
guage dcfin i 1ion. By doln~ 1his, ZK 
becomes MAXSCH DEPTH and ZW 
becomes MOVESTKLIM. The increased 
readabili ty is obvious. Readers who 
feel that the adv;in t. a)lc gained by using 
longer names is 11ot worth lh e incre ased 
codi ng and prograrn cn1rv effort wi l l 
find that effort more th an repaid when 
the program has 10 be correnecl or ex· 
tended sometime in 1he distant future, 
usual ly not by the origin.11 programmer. 

Incide n ta l ly, I have just rece ived 
confirmation 1h a1 UCSD Pascal is now 
up and running on an Apple II. 

Paul Kelley 
T he Ana lysts 

4120D Directors Row 
Hou ston TX 77092• 

ADVERTISE YOUR 

PROGRAMS IN OUR NEW 

Co111puter 

Solt~are 


Directory 

FOR AS LITTLE AS $20/ YEAR! 

EVEN IF YOU ONLY HAVE ONE 

PROGRAM TO SELL, WRITE : 

CYBERTRON 
P.O. BOX 5056 
BETHLEHEM, PA.18015 

Circle 88 on inquiry card. 

. . 
: CONTROL ON-OFF DEVICES ~ 
: from your computer with the : 
; 2YR LINK® : . .. .... ..... ...... .. .... .... ... ...... ... ..... .. 
. .. . 
: 11 Bit Serial on 2 wire link :. . . . 
: 110 baud in excess of 2000 ft. :. .. . 
; Select 110 to 4800 baud. ; . .. . 
; Control up to 1000 channels : . . 
: All CMOS bu t outpu t driver ~ 
. . 
; Verifies status of output : . . 
~ Relay output for 115 VAC ~ . . 

from 

REMOTE STATION CONTROLS 
217 Minnetonka Ave . 
Wayzata, MN 55391 

(612) 4 73-1225 

Circle 361 on inqu iry card . 

~ ~ Special Sale! 

~ CRT's $695 
~ We Buy-Sell-Trade all brands & 
S models of Data 
;::::: Processing 
:::::: Equipment.------- -Hazeltine 2000 110 1h1u 9600 == Baud Edi1ing Delached Keyboard -
- TTY or Balch Modes 74 Col. x 24 Lines -:::= Format Aulo· Tab ::::: 

:::: Nearly a million dollars in inventory ;::::: 
~ Call for price quotes :;::: 

::; 214/357-5725 ~ 
U.S. BROKERS CO. ~ 

~6~~~~~~i:'11 ~~~~r:· ~ 
Suite 34 7 '-' 
Dallas. Texas 75229 ~ 

Circle 383 on inqu i ry card. 
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Presents.BITS™ 
A Programmer's DelightBooks to erase the impossible 

PRACTICAL MICROCOMPUTER PROGRAMMING : The Z80 by W J Weller. 
0 Here from W J Weller and Northern Technology Books is the third in the Practi 
cal Microcomputer Programming seri es . 1 t is a comprehensive text covering assembly 
language programming for Z80 based microcompu ters. The first 16 chap ters cover Z80 
programming comprehensively, from binary operations to interrupt hand ling. Included 
are chapters on moving data , logical and arithmetic operations, use of the stack, com · 
munications with the terminal, floating point ari thmetic and graphic ou tpu t. All pro· 
gramm ing techniques are i llustrated with formal tested examples. An important feature 
of the book is that i t uses the universal standard 8080 mnemonics. This is of great he lp 
to users who are upgrading the ir machines and software to util ize the Z80 processor . 

T he last part of the book is software; an edi tor/assembler wh ich wi ll run on any 
8080 or Z80 machine. and a debugging monitor. Paper tape object copies of this soft· 
ware are suppl ied f ree to the purchaser of this book. A valuable book for the Z80 
generation. 481 pp. $29.95. 

I 
II 

AN EDITOR /ASSE MBLER SYSTEM FOR 8080 /8085 BASED COMPUTERS by W J 
Weller and WT Powers. 
0 Th is 148-page book contai ns com plete informati on for initial izing and using a pow
erfu l new edi tor /assembler and debugging monitor system, and the f ull SOURCE text 
of both . The assembler fully supports all Intel instruction mnemonics as well as the en
ti re language used in Practical Microcomputer Programming™: The Intel 8080. The 
editor /assembler is resident in less than 8K RAM and will run on any 8080, 8085 or 
Z80 based computer with periphera ls which trans fe r on a character by character bas is or 
can be made to do so by buffering . The user suppli es his or her own I /0 drivers. The text 
ed i tor is extremel y simple to use and does not requ ire irrelevant li ne numbers. Also in
cluded is a program to convert Processor TechnologyTM format tapes to a fo rma t 
useable by the editor/assembler. 

Th is system is not the usua l "quickie" software, riddled w ith errors and limita
t ions, but a professionally created, thorough ly tested and debugged system. At $14.95 it 
is the best software bargain you are ever likely to see. 

AND BY THE WAY... paper tape object copies of all this software are sent FREE to 
book purchasers when the coupon at the back of the book is returned to Northern 
Technology Books . 8Y, x 11 format. $14 .95 . 

ASSEMBLY LEV EL PROGRAMMING 

FOR SMALL COMPUTERS by W J Wel ler. 

0 This is one of the most professionall y 

produced books we 've seen. From front 

cover to back , it is clear, detailed, and beau 

tifu lly produced. Using a pseudo mnemonic 

assembly language, Walte r Weller takes you 

inside the whys and hows of table referenc

ing, data stacks, num ber convers ions, f loat

ing point arithmetic, and much, much more. 

Surely one of the most complete books on 

this topic, Assembly Level Programming for 

Small Computers is a must for the serious 

small systems user. $15 .95 hardcover. 


PRACTICAL M ICR OCOMPUTER PROGRAMMING : THE INTEL 8080 by W J Weller. 

A V Shatzel , and H Y Nice. 

0 Here is a comprehensive source of programming information for the present or 

prospect ive user of the 8080 microcomputer, including moving data, binary ar it h

metic operations, multiplication and divis ion, use of the stack pointer, subrout ines, 

arrays and tables, conversions, decimal arithmetic, various I /0 op t ions, rea l time clocks 

and interrupt driven processes, and debugging techn iques. 


This 306-page hardcover book is well worth its $ 21 .95 price and should be in every 
8080 or Z80 user's library . 

PRACTICAL M ICROCOM PUTER PROGRAMMING : THE M6800 by W J Weller . 
0 Thi s second volume of the Practical Microcomputer Programming series addresses 
the problems of applications programm ing at assembly level for t he M6800. In 16 chap
ters and more than 100 formal exam ples, the fundamenta l techniques of assembly 
level programming are applied to the solut ion of specific problems with the 6800 . 
Nowhere theoret ical , i t is a thorough and detailed methods text for the beginni ng and 
intermedia te appl icat ion programmer using the 6800. $21 .95 hardcover. 

lfilu@ 
~D@IT®@®ffiJ~illts@IT 
IB@@fu&3ts®IT@ BITS™25 Route 101 West, Peterborough NH 03458 

For your convenience in ordering, please ust: this µaye plus rhe order form o" page I 6 1. You may photocopy this page . 

DIAL YOUR CHARGE CARD ORDERS TOLL-FREE 1-800-2 58-5477 . 
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Unlimited Precision Division 


Jef Raskin 
10696 Fl ora V ista 
Cuperti no CA 95014 

The App le II, which I own, is a fine 
computer, espec ially since most programs 
that interest me get along qui te wel l with 
intege r arithmet ic. Text ed itin g, graph ics, 
and the musi c programs I experiment 
with have little need of decimal notat ion 
or quanti ties. Bes ides, if I really need num 
bers li ke 3.14159 I can always load Apple's 
App lcsoft BASIC which has floating point 
arithmetic. 

The prob lems involved i11 using in teger 
ari th metic show up occasionally when I 
need Lo perform a div ision, though. If 
you add, sub trac t or mu ltiply two in tegers, 
you get an integer. But if you d ivide one 
intege r by another, you may or may not get 
an integer resu lt. Frnm a mathematica l 
standpoint, integers are closed und er· addi 
tion, subtracti on, iln <l mul tip lication, but 
not under division. 

I started to write a prognun to do real 
division on the App le 11. I thought it would 
be difficult, but it turned out to be very 
easy. Let us say you want to div ide X by 
Y and print the answer to N dec im al places . 
Listi ng 1 docs the job, assuming X, Y and N 
are de fined elsewhere . 

Linc 1020 determines the integer port ion 
of the quotient. If Xis 10 and Y is 3, Q is 
calculated to be exaclly 3. This is, arter al l, 
integer division . Since we have the whole 
number part of th e answer , line 1030 p1·in ts 
it. The semicolon means leave no space be
tween the item just printed and the next 
item to be printed. Th e nex t item is a period 
{used as a dec im al po in t). The fina l semi

1020 O=X/Y 
1030 PRINT Q;"." ; 
1040 X =IX - O* Yi • 10 
1050 O=X/Y 
1060 PRINTO; 
1070 N=N- 1 
1080 IF N> o THEN GOTO 1040 
1090 END 

Listing 7: The BASIC program for 
unlimited integer division is really 
quite simple. It is explained fu lly 
in the tex l. 

colon makes sure that the rest of the answer 
wi ll be printed immediately after the deci
mal poi nt. 

Line 1040 is the heart of the routine. It 
does what you do in long division. The orig
inal value of Q might not be exact ly the 
right answer. Q is most likely too small {at 
bes t it is exactl y right}. By how much is it 
too small? You can find out by ca lcul ating 
the quantity QX Y, and then subtracting that 
from X. In other words, check th e division 
by multipl ication {QXY) and see how much 
it mi ssed X by subtraction. The quantity 
X- (QXY) is also call ed X MOD Y or, more 
simpl y, the remainder obtained after divi
ding X by Y. If your BAS IC package has a 
modu lus (MOD) function {as the Apple 11 
BAS IC does}, you can simplify line 1040 
to : 

1040 X = lO{X MODY) . 

In long div ision, any remainder is handled 
by writing it down, and putting a 0 after it. 
Try performing a div ision and see. In the 
computer, mu ltiplying by 10 pu ts a 0 after 
a number. Line 1040 imitates what you do 
by hand. Then, in line 1050, the remainder 
multiplied by 10 is divided by the original 
divisor, Y. This gives us the next digit, which 
is printed in line 1060. The next two lines 
merely count how many digits have been 
printed and stop the program afte r N digits. 
If you take lines 1070 and 1080 and replace 
them with: 

1070 GOTO 1040 

then you get truly unl imited prec1s1on. 
As long as you keep the computer 1·unning, 
it will turn out digits and th ey wi ll a ll be 
correct . In the Apple 11 this means th at no 
calculation ever exceeds 32,767. This is 
most like ly to happen in line 1040. If 
you are using the modulus func tion, this 
can happen without ge tt ing a message 
and an incorrect resu lt can appear. With 
the original line 1040, either the answer is 
exactly co rrec t or the program halts . 

If you experiment with this program, 
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amounts o in ormatron can e pro· 
cessed in the blinking of an eye. Chores 
you've found laborious can be done by 
your simple command. Facts that have 
taken hours to find can now be located 
at the snap of your finger. That's 
what a personal computer can do 

... if YOU know how! 

YOU? Yes, you! You need to have the 
know-how to unleash the power of the 
microcomputer for your benefit. 

Until now only the programmers and 

use of the personal computer. PIMS 
the Personal Information Management 
System - has changed that. You 
don 't have to be a programmer to use 
PIMS. PIMS is a program which you 
type into a personal computer . Then 

·Ways in which your microcomputer 
can be helpful in everyday I ife and 
serving basic personal needs 

· PIMS - Personal Information Manage· 
ment System. All the basics and 
jargon 

· PIMS program outline and flow chart 
. 15 sample ways in which PIMS can 

work to your personal advantage 
· The complete I isting of a practical 

functional program. Written in 
BASIC language. Ready to use! 

SCELBI using Microsoftt compatible 
BASIC as used in a wide variety of per
sonal computers. Systems I ike Apple 
II, Radio Shack TRS-80 (level II). 
Ohio Scientific 400 and many other 
small computer systems. 

~ SCELBI Publications 
~P.O. Box 133 PP STN 
_, Milford, CT 06460 
YES! I want PIMS. 

Enclosed is $9.95 plus 75¢ post

age/ handIi ng. Or, better yet, 

please charge my Master Charge 

or VISA account: 


Card NO.---------

Exp. Date--------

Bank NO.-------- 

Address--"'-------
City___________ 

-----ZIP---

© 1978 SCELSI Publications 
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programs. 

Circle 77 on inquiry card. 

DAM YOUR COMPUTER 

AIM181 STARTER SET 

NOW YOUR COMPUTER CAN LISTEN TO THEDATA rr::;: 	 16 ANALOG INPU TS1 . A IM161 
A CQUISITION ~ y lk!l J;[J if" Rf.AL WVRLO YOU Gf.T 16 8 BIT ANALOG 8 BITS 100 MICAOSEC 


M ODULES lb!J INPUTS WITH OUR A IM K 

1 - POW1 POWER MODULE 

IN,UT CONNECTOR · 20 PINS1 . ICON SOLDER EYELETS 

OUTPUT CONNECTOR · 18 Pl~S
1 - OCONMEASURE - RECORD • CONTROL 	 SOLDER EYELETS 

1189.00 ENERGY CONSERVATION EQUIPMENT o TEMPERATURE 
o DIRECTION GREENHOUSES II 1--1 
o PRESSURE Sl'EED 

o WEATHER STATIONS • LIGHT LEVELS 
o NOISE POLLUTION • db 	 CONNECTICUT microCOMPUTER• POL LUTION CONTROLS o pH 

DARKROOMS • EARTHQUAKE TREMORS 

HUMIDITY • VELOCITY 
 150 POCONOR0A(J . 8ROOKFltl.D. CONNECT/Cur 0680f 

• L IGHT o ACCELERATION 
(1031 115·ff59• JOYSTICKS • GAMES 

1 0 0 2 2 9 3 5 7 7 9 8 1 6 5 1 3 7 6 1 4 6 7 8 
8 9 9 0 8 2 5 6 8 8 0 7 3 3 9 4 4 9 5 4 1 2 8 4 
4 0 3 6 6 9 7 2 4 7 7 0 6 4 2 2 0 1 8 3 4 8 6 2 
3 8 5 3 2 1 1 0 0 9 1 7 4 3 1 1 9 2 6 6 0 5 5 0 
4 5 8 7 1 5 5 9 6 3 3 0 2 7 5 2 2 9 

Table 7: The result of dividing the number 43 7 by 436. Th e last three 
digits (229) begins the repetition sequence. Quite often, dividing 
two numbers which are ve1y close to each other produces interesting 
repetition patterns with ve1y long periods. 

0100 	 PRINT " THIS PROGRAM DOES A VERY LONG, LONG DIVI
SION" 

0 110 	 INPUT " WHAT IS THE NUMBER TO BE DIVIDED? (THE 
NUMERATOR! " ,X 

0120 INPUT " WHAT IS IT TO BE DIVIDED BY? (THE 
NATOR)" ,Y 

0130 PRINT "HOW MANY DECIMAL PLACES SHOULD 
SWER (THE QUOTIENT) " 

0135 	 INPUT " BE CARRIED OUT TO" ,N 
0140 	 GOSUB 1020 
0150 	 GOTO 110 

Listing 2: This is a demonstration program which will allo w you lo 
input any two integer values and have the result prin ted 017 a17 arbitra1y 
precision. 

DENOMI 


THE AN -


you will find that most decimal ex pansions 
of fract ions repeat rather quickly . 1411 
divided by 999 is 1.412412412 with th e 
expression 412 repeating forever . More 
interesting is the quotient of 437 divi ded by 
463, shown in table 1. (Incidentally, 355 
divided by 7 7 3 gives a good approximation 
of rr. . ..CM/ While most decimal expansions 
repeat quickly, every decimal expansion of a 
fraction is a repeating decimal. It is not too 
hard to prove this, but the proo f is a bit 
outside the realm of th is art icl e. 

To make this in to a demonstration, 
use the program in listing 2. Lines: 

1090 PRINT 
1100 RETURN 

are added to convert the routine into a 
subroutine, and the request for a new nu
merator appears on a new line, not just 
after the last quo tient. 

{Once you've been using this routine for 
a while, tty dividing some prime numbers. 
Of particular interest is the quotient of 
99997 divided by 99989. So far we have 
generated 2500 decimal digits for this value 
at the BYTE offices without encountering 
a repetition . . .. RGAC/ • 

I
·New and Unusual SOUNDS r-- 1 

for your Computer $149.95 -~....;';\.1 : 
- :;tt'"-1 

The Mlcrosounder Is an S -100 compatible sound generat
ing card that can be programmed In BASIC or assembly 
language. Three to five lines of code generates such sounds 
as: organ music, sirens, phasers, shotguns, explosions. trains, 
bird calls, helicopters, race cars . airplanes , machine guns , 
barking dogs, and many thousands more. Only a few minutes 
of time is needed to patch the sound code Into existing 

The Microsounder Is assembled and tested , and comes 
complete with sample code, two game programs, and two 
utility programs for creating almost any sound. 
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Olfer1 The le1t In 

Books to erase the impossible 
POB 428, 25 Route 101 West 
Peterborough, NH 03458 

MICROCHESS - by Peter Jennings - from 
Personal SoftwareTM 

Peter Jennings has been pioneering 
computer chess programs tor the personal 
microcomputer , and MICROCHESS is the 
mature fruition of two years of this 
development. With several levels of play it 
will sharpen your game and prove to be a 
challenging opponent. 

MICROCHESS 1.5 - for 4K TRS-SO's 
This is a 4K Z-SO machine language pro

gram utilizing every byte of available 
memory on the TRS-SO . It displays a 
graphic chessboa rd and even flashes the 
piece on which the computer narrows its 
attention prior to making its move . Based 
on earl ier chess programs for the SOSO 
and 6502 microprocessors. Microchess 
incorporates the improvements suggested 
by hundreds of users , and offers three 
levels of play to challenge all players from 
beginners to real chess enthusiasts. 

Microchess can be fun on any TRS-SO 
and is easily loaded from cassette with the 
CLOAD command . Standard algebraic 
notation is used to describe the moves , 
and a simple command lets you temporar
ily number the squares to assist 1n move 
entry . Every move is checked for legality. 
and the program even handles castling and 
en passant captures . You can play white or 
black, set up special board situations and 
play them out against the computer, or 
even watch the computer play against 
itself . 

MICROCHESS 2.0 - for SK PET's and 16K 
Apples 

In 6502 machine language. this version 
of Microchess offers eight levels of play to 
suit everyone from beginner to the serious 
player. It examines positions as many as 
six moves ahead , and includes a chess 
clock for tournament play. $19 .9 5 each . 
TRS -SO (4K) 0 PET !SK) 0 Apple (16K) 0 

BRIDGE CHALLENGER - by George Duis
man - from Personal Software™ 

If you like to play bridge but have trouble 
getting four people together to play , or if 
you 'd just like to practice a little to improve 
your play , this program cassette is for you . 
W ith Bridge Challenger you and the dum
my play against the computer in regular 
contract bridge. You can let the computer 
deal , or set up hands for study and practice 
play and save them on cassette . Created 
by George Duisman. an expert bridge 
player and programmer , this program takes 
full advantage of the PET's BASIC and re 
quires all of the SK RAM to run. Standard 
bridge notation . like that found in books 
and newspaper columns. is used to help 
you analyze the hands . Complete instruc 
tions. including an introduction to bridge 
for the novice. are included in six pages of 
documentation . $14.95 each . 

TRS-SO !16K Level II ) D Pet (SK) 0 
Apple ( 16Kl 0 

Software for qour

microcomputer••• 


STIMULATING SIMULATIONS - by Dr . C. 
William Engel - from Personal Software™ 

This is a set of ten original simulation 
games written by Dr. Engel. The games are 
fun , and the 64 page paperback book 
which accompanies the cassette giving in
structions, flowchar ts. program listings 
and suggested modif ications makes 
Stimulating Simulations an educational 
tool too . The games begin on an elemen
tary leve l and progress to more complex 
problem situations , but most can be played 
by schoolchildren. The program listings in 
the book are in PET or TRS-SO Level 11 
BASIC but special versions of the pro
grams are provided for Level I BASIC 
users . $14 .95 each. 
TRS-SOD PET D 

••• now! 

GRAPHICS PACKAGE - from Personal 
SoftwareTM 

This set of four programs provides a 
quick and easy way for you to use your PET 
for several of the most common graphics 
applications : plotting equations or data, 
drawing pictures , and creating headlines of 
block letters . These programs , wr itten by 
Dr. Peter Maggs, make use of the PET's 
graph ic capabil i ties and can provide another 
dimension in your personal computing. 
PET 0 

ASSEMBLER IN BASIC - from Personal 
Software™ 

Now you can w ri te programs in 
assembly language for the 6502 
microprocessor and have them translated 
to machine language for direct execution 
on your PET. The assembler accepts all 
standard 6502 mnemonics , pseudo -ops 
and addressing modes plus a new TEXT 
pseudo-op , and eva luates binary . octal, 
decima l, hexadecima l and character con
stants, symbols and expressions. You can 
create assembly source programs with the 
text editor which is supplied. and save 

them on cassette . The assembler reads its 
source code from cassette or from DATA 
statements , and assembles machine code 
directly at any location in memory . You 
can save machine language subroutines in 
the PET's second cassette , buffer, and ex 
ecute them immediately with keyboard 
and display input/output . $24 .95 
PET 0 

ASTROLOGY PROGRAMS - by Michael 
Erlewine - from Personal Software™ 

You enter the date, time, and place of 
your birth. The program computes the 
sidereal t ime on the equator of your birth 
and your ascendant or rising sign , 
m1dheaven, and vertex angles in degrees I 
sign of zodiac I minutes of arc format . The 
helio and geocentric planetary positions 
are also given.and the program will op
tionally calculate and display the Local 
Space positions of the planets , the Local 
Space chart for a locality shift, give the 
position and direction in azimuth along the 
horizon of any city in the world , or display 
the equatorial coordinates for your natal 
planets . You can even input the right 
ascension and declination of any celestial 
object , and the program will compute its 
position on the horizon or Local Space 
chart. This program is loaded with celestial 
mechanics equations, and will save you or 
your astrologer hours of calculating time . 
$14 .95 
PET 0 

SARGON - A COMPUTER CHESS PRO
GRAM - by Dan and Kathe Spracklen 
from Hayden 

SARGON is the computer chess program 
that won the 7S West Coast Computer 
Faire tournament for microcomputers . 
Now you can run it on your own TRS-SO 
Level II . It is avai lable in two forms: the 
book which contains the program listing in 
Z-SO assembly language and enough 
documentation to enable you to tailor and 
run it on your SK Z-SO machine, and in 
cassette form ready to run on any TRS-SO 
Level II . Test your skill in this classic game; 
the machines are getting betterl 
Sargon Book with listing O $14.95 
Cassette for TRS-SO Level II 
(with brief instruction booklet) D $19 .95 

DIAL YOUR BANK CARD ORD ERS ON OUR TOLL-FREE HOT LI NE : 1-800-258-5477. For co11ve11ie11ce i11 or
den'ng, please use this 

W ['·• - 1 You may phorocopy this page. page plus the order 
11..=. ...u.1 CAA• Dealer Inquiries lnvi red. form 011 page 

UYTE Febrmry 1979 157 



In order to gain optimum coverage of 
your organization's computer confer
ences, seminars, worl?shops, courses, etc, 
notice should reach our office at least 
three months in advance of the date of 
/h e e11ent. Entries should be sent to: 
Event Queue, BYTE Publications, 70 
Main Sc, Peterborough NI-I 03458. Each 
momh we publish the current contents 
of the queue for rhe month of the co11er 
dote and the cwo following calendar 
months. Thus a given event may appear 
as many as three times in this section if 
i t is sent to us for enough in advance. 

February 1-3, Future Fair, Memoria l 
Coliseum, Portl and OR. T his northwest 
regional exposition will feature both 
professional and pe rso n, I data pro
cessing produ cts and services. Contact 
WES/COM , f'OB 4047, Porl'land OR 
97208. 

February 1-3, Microprocessor Program
ming Workshop with a Take-Home 
Microprocessor, Jefferson Plaza Bu ilding, 
Arlington VA . Sponsored by the IEEE, 
this 3 day workshop is inten ded for the 
practicing engi nee r, engineeri ng manager 
and programmer. The co urse objective 
is to provide sta te of the art inform ation 
in order to acq uire an undersl'anding 
of the place of microprocessors as 
rep laceme nts fo r wired logic and as 
control lers; to provi de the capab il ity of 
unde rstanding the design of sys tems 
in volv ing microprocessors; and the 
abi li ty to program th e Motorol a M6800 
microprocessor in machine language. All 
students wi ll have their ow n micro
processor and laboratory eq ui pment. 
Contact IEEE Service Center, 2145 
Hoes Ln, Piscataway NJ 08854. 

February 5-7, Data Processing Oper
at ions Management, Los Angeles CA. 

6800 PERFORMANCE PRODUCTS 
FROM MICROWARE 

A/ BA SIC COMPI LER Unmatched for sp eed , versati lity an d e ffici e ncy, 
generates pure 6800 machine language from BAS IC so urce. Fast integer math, 
stri ngs, logica l and array o perat io ns. Out put is ROMab le and requ ires no run
time package. Cassette ve rsion requires RT / 68 and BK RAM . Disk versions re 
quire 12K and have comple te disk 1/ 0 statements plus o the r extensio ns. 
Cassette Version - A/ Basic V1 .0C $ 65 .00 
SWTPC Miniflex - A/ BASIC V2 .1 F $1 50.00 
SS B DOS-68 - A/ BASIC V2.1S $150.00 

RT/68 OPERA TING SYSTEM Compatible MIKB UG replacement ROM with ex
panded, improved monitor plus real-time multiprogramming execu tive. lOOO's 
in use since 1976. 
RT / 68 MX o n 6830 ROM (Mikbug pin compa tib le) 
RT / 68 MXP on 2708 ROM (EP ROM pin compa tib le) 

$ 55.00 
$ 55 .00 

6800 CHESS cha ll enging c hess program, two difficulty leve ls. Run s in BK RAM. 
Mikbug-compatible object plus A/ BASIC sou rce. Specify casse ll e , SS B or 
SWTPC minidisk. 
CHESS V1 .0 $ 50.00 

DR. ELI ZA 6800 ve rsion of famou s MIT artificia l in tel ligence prog ra m. Com
pute r as psychoana lyst comm unicates in p lain English dialog . Mikbug co mpat 
ibl e object plus A/ BASIC sou rce. Specify cassette, SS B o r SWTP minidisk. 
ELIZA 1.0 $ 30.00 

AS-1 AI D INTERFA CE. Eight channel, 8-b it high speed AI D sys tem for SS- 50 
1/ 0 buss. Assembled. $115 .00 

AS-4 DI A INTE RFACE Fou r channel 8-bit ultra las t DI A sys tem for SS-50 1/ 0 
buss . Independe nt isolated Z-ax is strobe output for osci lliscope o r p lo 11 er 
graphics. Assembled . $195.00 

U.S. orders add $2 for shipping. VISA and MASTERCHARGE welcome. Call or 
write for free 6800/ 6809 ca talog. 

MICROWARE 
SYSTEMS CORPORATION 

2035 Ea st O vid Ave. 
Des Moines, IA 50317 
(515) 265-6121 

This semin ar wili emphasize the manage
ment ski ll and techniques ap plicable to 
the data processing operations fu nct ion. 
The curriculum is designed toward prac
tical, applied management techniqu es to 
provide a sou nder understanding of th e 
ways of managing data processing oper
ations more effectively. For further 
informa tion con tac t The Universi ty of 
Chicago, Center for Con ti nuing Edu
cation, 1307 E 60th St, Chicago IL 
606 37. 

February 13-15, The National Office 
Exhibit ion and Conference, Harbour 
Castle Hilton Convention Center, 
Toronto, On tario. This 3 day exhibition 
will provide a show place for approxi
mately 100 exh ibitors in the areas of 
word processi ng, office computers , 
office equipment and furnitu re . Contact 
Canad ian Office Magazine, 2 Bloor St W, 
Suite 2504, Toronto, Ontario CANADA 
M4W 3 E2, (416) 967-6200. 

February 14-16, The IEEE International 
Solid-State Circuits Conference, Phila
delphia PA . Forum for the presentation 
of new adva nceme nts in all as pec ts of 
solid-state circuits. Contact Lewis 
Win ner, 301 Almeria Av, POB 343 788, 
Coral Ga bles FL 33134. 

February 19-21, Minicomputers and Dis
tributed Processing, Chicago Il. This 
sem inar will exami ne the uses, eco
nomics, programming, and implemen· 
tation of minicomputers. Current hard 
ware and software will also be eval uated . 
Con tact The University of Chicago, 
Center for Con tinuing Education, 1307 
E 60th St, Chicago IL 60637. 

February 20-21, The Seventh Annual 
Midwest Digital Equipment Exhibit and 
Seminar, Thunderbird Mote l, Minnea
polis MN. Manufacturers of computer 
terminals, data comm unica tion equip
ment, peripherals, data acq uisi tion sys
tems, and digital test instrumen ts will be 
disp laying their products. In addition, 
appropriate seminars will be held every 
day. Contact Clarence K Peterson, 
Deerland Di str ibutors Inc, Hennepin 
Square Bldg, Minneaplis MN 55413. 

February 22-23, 1979 ACM Computer 
Science Conference and SIGCSE Sym
posium , Dayton Convention Ctr, Day ton 
OH . Several invi ted speakers will give 
fu ll-length talks, an d sho rt current re
search papers will be presented. There 
will also be a technical symposium on 
compu ter sc ien ce education held in 
con junction with the conference. Con
tact Marshall Yovits, Computer and 
Information Science Dept, Ohio State 
Uni ve rsity, Columbus OH 4 3210. 

March 3-4, Micro-Expo '79, Texas A and 
M University Memori al Student Ctr, 
College Stati on TX . Sponsored by The 
Texas A and M Microcomputer Club , 
the act ivities at the third an nu al Micro
Expo '79 will include exhibits by dealers 
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and hobbyists, a programmi ng contest, 
and a comp ute r chess tournament, as 
wel l as sem inars o n top ics of in tercst lo 
bolh the novice and the expe rienced 
com pute r enth usiast. Con tact Larry 
Brown at (713) 693-5748 or Scot t 
Edwards at (713) 845-5531. 

Marc h 10 -11 , Perso nal Comp uter Fair, 
Pac ific Scie nce Ctr, Seatt le WA. The fair 
wi ll acquain t people with personal, home 
and hobby computer app lica t ions. 
Visitors will sec a va riety of no ntec hnica l 
demonstrations and have nu merous 
opportun ities for ha nds-on cxpcri me n 
ta 1ion . Con tac t Susan S tocke r, Pacific 
Science Ctr, 200 Seco nd Av N, Seattle 
WA 98 109. 

March 19 -2 0 , Mic roco mpu ters: Oper
ating Principles, Hardware and Software 
Seminar, Holiday In n , Palo Alto CA. 
Polytech nic lnsl illJle of New York and 
the lnslitute for Adva nced Profess io nal 
Studies arc presen ting th is 2 day semin ar 
for engineers, programm ers , and tech
nical m anagers involved with se lectio n 
of microprocessors and design of mic ro 
processor-based systems. The seminar 
wil l cover lhe underlying concepts 
governing microprocessor operat io n , 
arch i1ec1urc, and systems des ign . Micro· 
computer clements and th eir inter· 
re la ti onships wi ll be disc ussed, empha· 

covered include detai led desig n examples 
of circui ts using opcra1io11a l amp lifiers 
and ac tive filters, as we ll as computer 
arithmet ic units, registers, and memories . 
Contact George Washi ngto n Uni versity, 
Conti nu ing Engi neeri ng Educat io n Pro
gram, Washingto n DC 20052. 

Marc h 2 1-23, Mic rocomputer Hard ware 
a nd System Design Sern ir1a r, Holiday 
In n, Pa lo Al10 CA. Po lytechnic Institute 
of New York and lf1e Institute for 
Advanced Profess ional Stu d ies arc pre
senting this 3 day sem inar for engineers, 
programmers and tccl1 ni cal managers 
with a working knowledge of digita l 
hardware desig n and familiarily with 
the underlying concepts governing 
microprocessor operation , architec tu re, 
and systems design. This seminar wi ll 
cover the opera tion, arc hi tecture, in· 
s truction sci, and des ign techniques for 
8 b it microprocesso rs. The spectrum of 
applications from data processing 10 
control will be illus trated wi1l1 fully 
deve loped case studies. Contact Prof 
Donald D Frc nc l1, ln s1 i1utc for Ad· 
vanced Pro fess iona l Studies, 1 Gateway 
Ctr, Newton MA 02158, (617) 964· 
1412. 

March 25-28, Ex po ' 79 Los Angeles 
Marriott, Los Ange les CA. Expo '79 is 

held in conjunc t ion wi th the 16th 
Nu me rical Con trol Socie ty Ann ua l Meet· 
ing an d T ech n ica l Confe re nce . Conlacl 
Nume rical Control Socie ty, 1800 Pick· 
wick Av, Glenview IL 60025, (312) 
724-7700. 

March 26-28 , Data Process ing Opera tions 
Ma nagement, Ho us ton T X. See February 
5-7, Los A nge les C A. 

March 26 -28 , Min icompute rs an d Dis
t irbuted Processi ng, New York NY. This 
seminar will examine the uses , eco
nomics, program m ing and imp leme n· 
tation of m inicomputers. Cu rrent hard
ware and soft ware will also be evaluated. 
Con tac t The Univers ity of Chicago, 
Cen ter for Con t inu ing Ed ucation, 1307 
E 60th St, Ch icago IL 60637. 

March 2 7-29 , The Midwestern Compu ter 
Exp o , McCormick Pl, Chicago IL. Expo
si 1io n by the leadi ng ve ndors of data 
processi ng equipmen t and services. Con· 
tac ! Lee Mul de r, The Carava n Group, 
60 Austin S t , New ton MA, (617) 964
4550. 

Apri l 3-5, Specifi cat ion s of Rel iable 
Software , Hyatt Regency Hote l, Cam· 
brid ge MA. Th is con ference is sponsored 
by the IE EE Computer Society. Contact 

sizi ng features importa n t in determ ining 
whether a part icular microcomputer wi ll 
be suitable for a given task. Con taCI 
Prof Donald D Fre nch, Ins ti tu le for Ad
va nced Profess io nal Studies, 1 Gateway 
Ctr, Newton MA 02 158, (617 ) 964-1412. 

March 19-21 , Pro ject Management fo r 
Co mpute r System s, A ti an ta GA. This 
seminar is designed for the compu ter 
oriented pro fess ional responsib le for the 
development and imp lementat ion of 
complex EDP systems. The sem in ar wi ll 
illu strate tech n iq ues for p lanning, imp le
me n t ing, installi ng, and controlling pro
jects. Con tac t The University of Ch icago, 
Ce n ter for Conti nu ing Ed ucation, 1307 
E 601h St, Chicago IL 60637. 

March 19-21 , Federal DP Ex po Confer
e nce and Ex posit ion , Sheraton Pa rk 
Hote l, Washi ngton DC. Th is fifth an nu a l 
government show will feature compu ter 
re la ted hardware , sof twa re and serv ice. 

March 19-21 , Modern Integra ted Cir
cu its, George Washington Unive rsity, 
Washington DC. T h is cou rse is s t ruc tured 
to meet the needs of engineers, sc ien
tists, and technical m anage rs who desire 
a better understa nd ing of lhc la test 
technological adva nces in the area of 
integra ted circu its. As suc h it examines 
all aspec ts of in tegrated c irc u it tec h 
nology, starting from fundame n tal prin· 
cip lcs of construc t ion and opera tio n , to 
the most rece n t devices, their characte r
ist ics and specifica tions. A sig nifica n t 
part of the cou rse dea ls with the appli· 
cation of integrated circu its in linear and 
dig it al systems. Specific rop ics ro be 

Write and run machine language programs at home, display video 
graphics on your TV set and design microprocessor circuits-the 
very first night-even ii you 've never used a computer before! 

ELF II 1ealuring RCA COSMAC 
EtrllbJ mlcroproce:~~ COMPUTER $9995llEllOUCI 

Stop reading nbout computers and get you r h;mds on one! Wi th a S99 .9.5 ELF 
11 and our Short Course by Tom Pitlman, you mas1c r com pu1er in no ti me al 

As lutoroj 

ii l'OPULIR all 1 E LF l I de mo nstrates a ll 91commands an RCA 1802 can execu te ;rnd the 
- - •:...• Slr11r1 Course quick ly leac hes you to use each of lhe J802"sc:1pabili1ics. ELF II 

a lso d isplays graphics on any TV sel , induding a n exci ting new target/mi ssile 
gun ~amc! Add-ons a rc umong 1hc most advanced avail:tble anywhere . You S;!.C I 

massive compu ling polcntial. No wonder IEEE cha pier.;, univcr,.i t it!~ and mi\JOr 
corpomtions a ll use ELF 11 10 train e ngineers and s1Udc n 1 ~ ! Kil is easily :1sscmbtcd 

in ;.1 single CYcning and you may still have lime tu run your first progrums before go ing 

--------~~-SENDTODAY! nNOW AVAILABLE FOR ELF II 
0 Tom l'ill man"s Short Co urst On Mi 

I croprocttsor & Computu Programm · 

I 
ing leaches you jusl aboul everyth ing 
there is to know about ELF II or a ny 

I 
RC,\ 1802 com puter. Wriue n in no n· 
tech n ical la ng uage , it"s a lcarnin ~ 
breakthrough for e ngineers and laymenI a like . SS.00 po>tpaid' 
0 Delu,;e mel;il cablnel wi1h plcxiglasI d ust cover for E L F II . $29.95 plu s 
S2 .50p&h.j 0 ELF 11connects tu lhc video input 
of your TV sci. If you prefer lo USC 

your anlcnna 1 crmi n ~1 l s, order R FI Modula tor, $8.95 post paid .. 
GIANT BOA RD' • ku wuh cassclleI 0 

110 . RS 232-CrITY 110. 8-bi t P l/O .j decode r> for 14 <ep1m11e 110 inslruc
l ions a nd a sys tem mu nirn rlcdi1or,I Sl9.95 plus S2 p&h . 
D Klu~•. ( Proto type) Bo•rd accepts upI 10 36 IC s. $17.00 plu s St p&h . 
0 4k Stall< RAM kit. Addressahlc tuI 3ny 4k page tu 64k. $89.~S plus SJ p&h . 
0 Gold pla1cd 86-pin conneccors (oneI rc4ulred for each plug- in buardJ. $5. 70 
poS!p.,id .

I O Profe:-i.~iun[\ I ASCII Kc-y boar-d kil 
wi1h l28 ASC II upper/lower case sc i.I % pri nl ablc c:harncter:!!.. onboard reG-u· 

I lator. parity. logic: selecl ion anJ cho1t:e 
of 4 h~inds:hit k ing s igm\ls !o male wi1h 

1 ~1 mos1 any computer. $64.95 plus S2 

L!:&..:. - - ----

-----------, 
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O D eluxe metal cablnt l fo r ASC I l 
Kcybourd , $19.95 plus Sl.SOp&h . 
0 ELF II 11 ny BASIC on casscllc 
1ape. Co mm and s inc lude SAV E, 
LOA D . ;><. + . ( ). 26 va riab les A·Z. 
LET. ! FIT H EN. INP UT. P RI NT. 
GOTO. GO SU B. RET U RN . E ND . 
R E M . CLEAR . LIST. RU N . PLO T, 
PEE K . PO K E. Comes fully docu· 
mc n1cd and inc ludes alpha nume ric 
ge nera tor req ui red to d isplay n l· 
ph;mumericcharactcrs dir<e llyon your 
TV scree n wit ho ut additional hard · 
wore . Alsu p lays tick-tack·IOC plus a 
d rawing game tha t uses ELF ll 's hex 
hcrbmord as a joystick . 4k memory re
quired . $14.95 postp:ud . 
C Tom Pill mun·s Short Cou""' on 11ny 
BASIC for E L F ll. SS postpaid . 
D ~xp11~on Power Supply (requi red 
whe n 1 1dd1n~ 4k RAM) . $34.95 p lus S2 
p&h . . 
0 EU "- BUG ~ O.luxe System Monitor 
a n casselle tape . Allows d isplaying the 
conte nt. of a ll regos tcrs o n your T V at 
a ny poi nt in your progmm.. Also d.is
plays 24 br1es of memory w11 h full ad 
dr~ssc>. bhnkrng cu'.sorand auto scroll · 

mg. A mus l f~r ~t!c se rious progrnm· 

mcr 1 ..Sl4.9S postpaid . 

C~m1n2 Soon~ A· D . D ·A Con verter. 

L1g.h1 J_>cn. Conu·~.11.er B?ard, Color 

Gra~hic :!I & M usic Sys te m .. . a 11 d 

m ar'' · 

;:},1::..w::::..:::.~~I=!-

Nt!ronics ~&D Lid ., Dept. BY-2 
333 Lllc hfoc ld Road. Phone 
New Milford . CT 06776 (203) .U4-937S I 
Yes! I wanl 10 run programs at home and I 
haveenclosed:D S99 .95 plusS3posla?e 
& handh ng lor RCA COSMAC ELF II k1t•. 1 
0 $4.95 for powe r s upp ly (1equl1~ d ) . 
0 SS tor RCA 1802 User's Ma nual. 0 SS 

for Sharl Course on Ml'croprocessor & I1 
ComputerPrOIJramming. 

O I wanl mine wi red 1nd t11ted with 
power supply, RCA 1802 UHl'I M1nu1l I 
1nd Short Coutie Included lor ju11$149.95 I 
plua $3 plh l 
o 1am also enclosing payment llncludlng I 
postage & handfi ng) for the ilems checked 
at lhe lett . I 
Total Encl ose d (Con n. res . add tax)
s __ _ O Check here 11 I 

you are enclosing Money Order or Cashier 's 
Check 10 expedile shipment I 
USE YOUR o VISA o Master Cha rge 
(l nlerbank # _ _ _ ) •• 
A # I1~coun 
S1gna1ure E.xp. Date- 
PHONE OROERS ACCEPTED (203) 3f>4·9375 I 
Print 
Name I 
Address 

, I 
City - --------- 
State Zip J 

DEALER INQUIRIES INVI TED. 

http:ju11$149.95
http:Conu�~.11.er
http:univcr,.it


•• 
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iPower, •I 


. Popularit)S . 


!~~~so~~:u!i:~~~~: ! 

I characteristics you demand most... I 

Now at special systems prices! 

I 

~,~:LE DISK svs:: I
3~:, 
Additional 16K RAM 300. 
Disk II w/controller 

SUP'R' MOD II 

595. 

30. 
I 

I 
I 

BK PET 

I 
I 

DUAL CASSETTE SYSTEM 
PET 2001-8 $795. 
SECOND CASSETIE DRIVE 99. 

Regular Price $894. 

I 
I 

This special offer 

Standard BK PET with: 
• BK BASIC in ROM • BK RAM • Built in 
Cassette • Built-in 9" video • Full 
graph ics • All documentation 

I 

I ~ -- ~~ 


I 
I 

l 
Standard Sorcerer with: 

Regular Price $2120. 

This special offer $1908. I 
I 

., I 
11:1r -- I 

I .. I 
I 
I 

I 
I 

16K SORCERER 
COMPUTER SYSTEM 
Sorcerer 6K 
12" Teco Video Monitor 

Regular Price 

This special Offer 

• BK Microsoft BASIC ROM PAC rM • Full keyboard with numeric pad • Serial 1/0 Port•I 64 defined gra phics • 64 use programmable graphics • Upper/lower case • 16K RAM 

Shipping charges: S1U per CPU on l.lfg('r u111ts: ~1 . 50 per kat. S2.00 nun. per order. 

Oehve1y is :-.iock to ](}days on most i1e111s . Sh1pmeo1 1s u11med1.11e ror p..Jyment by c.uh1ef!t check. money order ur 

charge cjird . Allow J weeks for per~onal checks 10 cle.u. N.Y. tare r~sldent~ add approp. sa les 1Jx Avd1ldblluy, 

puces .1m.J specs mJy chan~e without notice.
I 

I 
I 
I 

To take advantage of these special prices send check or money order today lo: 

Monday thru Friday 

10AM-S PM 


Eastern Time 

Closed Sat. & Sun.
I.~-....'· I 

I 

entelf>li.~ P.O. Box 71, Fayetteville, N.Y. 13066 I 
{315) 637-6208 
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$11 50.. 
250 I 

$1400. 

$1260. I 

Douglas T Ross, Softech Inc, 460 Totten 
Pond Rd , Waltham MA 02154, (617) 
890-6900. 

April 5-6, Computers in Ophthalmology, 
St Louis MO. This is a course in appli
cation of computers to ophthalmic 
patient care and clinical reseach. Sessions 
dealing with data bases, automated 
patient testing, artificial intelligence, 
and im age processing arc being planned . 
Contact Robert Greenfie ld, DSc, Bio 
medic al Computer Laboratory, Washing
ton University School of Medicine, 700 
S Euclid Av, St Louis MO 63110. 

April 6-8, Northeast Personal and Busi
ness Computer Show, Hynes Audi
torium, Boston MA . Displays and exhi
bits will showcase microcomputers and 
small computer sys terns of• interest to 
businesspeop le, hobbyists, professionals, 
etc. Lectures and seminars will be pre
se nted for all categories and levels of 
enthusiasts, including introduc tory 
classes for novices. 

April 9-11, Data Processing Operations 
Management, Miami FL. See February 
5-7, Los Angeles CA. 

April 9-12, Interface '79, McCormick 
Pl, Chicago IL. This is the seventh annual 
conference and exposition on data 
communications and computers. Contact 
The Interface Group , 160 Speen St, 
Framingham MA 01701. 

April 16-20, Data Communication Sys
tems and Networks, George Washington 
University, Washington DC. This course 
is designed for systems ana lysts, engi
neers, managers, and others who need a 
better working knowledge of data com
municat ion systerns. The course will be 
of particu lar va lu e to those who are cur· 
rently planning, designing or im ple
menting a computer that involves data 
comm unications. The objective of th e 
course is to prov ide participa nts with an 
un dersta nding of the basic principles 
and current techniques involved in com
puter to computer and termin al to com
puter commu nications and networking. 
Contact Continuing Engineering Edu
cation, George Washington University, 
Washington DC. 20052 . 

April 23-26, Middle Eastern Electronic 
Commun ications Show and Conference, 
Bahrain Exhibition Ctr, Bahrain. The 
exhibi lion wi ll consist of companies 
marketing communication systems, pro
ducts, and services. Contact Gerry 
Dobson, MECOM '79, Arabian Exhi
bition Management, 11 Manchester Sq, 
London WlM 5AB. 

April 24-26, Electro/79 Show and Con
vention , New York Coliseum and Ameri 
can Hotel. Contact William C Weber Jr, 
ge neral manager, Electron ic Conventions 
Inc, 999 N Sepu lveda Blvd, El Segundo 
CA 90245.• 



r------------------·----------------------------------------------------------------
_ _ Microcomputer Problem Solving Using 
PASCAL by Kenneth L Bowles. This book is 
designed both for introductory courses in 
computer problem solving at the freshman and 
sophomore college level , and for individual 
self-study. Graphics is stressed in this version 
of the book, in many cases borrowing from 
the "Turtle Graphics" approach originated 
by Seymour Papert of MIT. A complete sin
gle-user software system based on PASCAL 
has been developed at the University of Cal i
fornia at San Diego, where the author is a 
professor in the Department of Applied Physics 
and Information Science. This system em
bodies extensions to the standard PASCAL 
which include the necessary functions and 
procedures for handling graphics and strings. 
563 pp. $9.80. 

_ _ An Introduction to Programming and 
Problem Solving With PASCAL by G M 
Schneider, S Weingart. and D Perlman. This 
book has three major goals : 

11) To introduce all aspects of the pro
gramming and problem solving process, 
including problem specification and 
organiwtion, algorithms , codi ng, de
bugging, testing, documentation, and 
maintenance. 

(21 To ieach good programming style and 
how to produce a high qual i ty finished Speaking of 
product . Thi s is brought out in numer

ous style examples throughout the text. 


(3) To teach the syntax of the PASCAL pro 
gramming language . 

PASCAL is used as a vehicle to teach various as 
pects of programming techniques . S13.95 . PASCAL • • • 
_ _ PASCAL User Manual and Report (Second Edition I by K Jensen 
and N Wirth consists of two parts : the User Manual and the Revised Re 
port . The Manual is directed to those who have some fam iliarity with 
computer programming and who wish to get acquainted with the PAS 
CAL language. It is mainly tutorial and includes many helpfu l examples 
to demonstrate the various features of the language. The Report is a 
concise reference for both programmers and implementors . It defines 
Standard PASCAL, which constitutes a common base between various 
implementations of the language. $7.90 . 

__ Programming in PASCAL by Peter Grogono. This book is an ex 
cellent introduction to one of the fastest growing programming lan 
guages. The text is arranged as a tutorial containing both examples and 
exercises to increase reader proficiency in PASCAL. Besides sections on 
procedures and files, there is a chapter on dynamic data structures such 
as trees and linked lists. These concepts are put to use in an example 
bus service simu lation . Other examples range from the Tower of Hanoi 
problem 10 circumscribing a circle about a triangle . Programming in 
PASCAL is sure to hold the reader's inte rest . 359 pp. $9.95. 

_ _ The Design of Well-structured and 
Correct Programs by S Alagic and M A Arbib. 
This book represents ten years of research in 
top-down program design and veri ficat ion of 
program correctness, and demonstrates how 
these techniques can be used in day -to-day 
programming with PASCAL. An explanation 
of control and data structures and many 
examples of programs and proof development 
are provided . As a programming text, th is book 
contains an introduction to the language, 
provides algorithms which operate on sophis
ticated data structures, and offers the full 
axiomatic definiti on of PASCAL in terms of 
proof rules. To use th is book, no particular 
mathematical background is necessary beyond 
the basic idea of a mathematical proof. al
though an introductory course in programming 
is required . 292 pp. $12.80 . 

All books in stock. No delay in shipment. 

DIAL YOUR BANK CA RD ORDERS ON OUR TOLL-FREE HOT LINE : 1-800-258-5477.BITS inc 
Books to erose the impossible 
POB 428. 25 Route 101 West 
Peterborough NH , 03458 CitY-  - --  ------State______ Zip _____ 

My check enclosed : Signarure __________________________ 

Check= · ----~----------- Total 

Amount : _ _______________ Number of books ----- 
VIS4' - Postage$ .75/book orMy card :± ·- --------------------- $1 .00 outside U .S. 

Expires . ________________ 

Grand Total•
Prices subiecr ro change wi thout notice. Dealer Inquiries Invited. You may photocopy this page. 
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Build a Computer Controlled 


Security System for Your Home: Part 2 


lliaPcia's 
lliPceif (]BllSP 

Steve Cia rcia 
POB 582 
Glastonbury CT 06033 

Photo 7: View of author's 
house. Professional elec
trician Russ Molitoris is 
shown stringing electrical 
conduit pipe for high 
intensity outside lighting. 
Conduit from all external 
lights runs to central con
trol panel in basement 
whlch accepts DC on/off 
control commands from 
the computer. Conduit is 
used to meet electrical 
code requirements. 

"Hi, Lloyd. Wh at brings you over this 
afternoon?" Lloyd often came over unan 
nounced, so I wasn't surprised. I barely 
lifted my eyes from the circu it I was in
specting as he apprnac hed. 

" I just wanted to sec how the sccu r·ity 
system was com in g. I brought along the 
telephone numb er of the alarm company 
that did my house, shou ld you care to re 
consider and be more conventional." 

" It's more fun this way," I responded. 
" I ju st about made it into the dr iveway 

out there. It 's like Grand Central Station . 
What's goi ng on? " 

''You can't have remotely con tro ll ed 
perime ter Iigh ting wi thou l instal I in g flood
lights." There wer·e two electric ians wir ing 
eight sets of hi gh intensity fl ood lights to a 
central control panel in the basement (sec 
ph oto 1 ). This contro l panel in turn wou ld 
be connected to the computer for automatic 

control of the lights. " Besides those are high 
intensity 250 W li ghts. With three or four of 
th em on a circu it, they had better be wired 
correctly." 

"E lectricians? Floodlights? Wouldn't 
it be cheaper to wire it yourself?" 

"When you install this kind of system, 
you have to be ex tremely careful not to 
create a probl em grea ter th an the one 
you' re trying to all ev iate. Outside weathe r
proof cab li ng isn't exactly my bag. I'd 
much rather sit here and make the modi
fications to the SDK-85 controller. Sit 
down and I'll ex plain wh at has to be done ." 

SDK-85 Modifications 

The program necessary for th is appl ica
tion re qui res slightly under 1 K bytes of 
memory. Since the control algorithms arc 
fixed and do not change, they shou ld be 
written in nonvolat il e storage of some kind. 
For our purposes an ultraviole t erasable read 
onl y memory such as a 2708 or 2716 is 
recommended. As supplied, the SDK-85 
contains 256 bytes of programmable mem
ory used by the control program for· stack 
storage and variable tables. Whil e 256 bytes 
is adequate once the system is opera tional, 
add itiona l program mable mem ory is sug
gested for checkout pu rposes. The larger 
area al lows room for mu( ti pie diagnostic 
subroutines. Once checkout is completed, 
th e 1 K byte memory buffer can be re
moved and the software readdressed to the 
location of th e 256 byte buffer. This is nol 
a requi rement, however. 

The re are two ways to add additional 
erasable read only memory to the SDK-85 . 
Th e simples t is to buy an 8755 2 K byte 
integrated circu it and plug it directly into 
the slot already provided for ex tra memory 
on the board (th is slot can accommodate an 
8355 read on ly memory or 8755 erasab le 
read only memory). In in dustri al app lica
tions where the latest chi ps on the market 
are no problem to obtain, th is is the only 
reasonable app roach. For the computer ex
perimenter, however, these parts arc re la
tively hard to fin d, and th e second approach 
must be investigated . 
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The 8085 differs from the 8080 in its 
method of multiplexing bus informat ion to 
peripheral circu its. Th e new exotic large 
scale integrat ion circuits like th e 8755 incor· 
po r·ate ful l decoding logic whic h minimi zes 
ex tern al supp or t circuit requirements . Using 
the 8085, a complete computer with centra l 
processor, read only memory, programm abl e 
memory and 1/0 can be constructed with 
three integrated circuits. The addressing of 
these mlllti fun cti on support circu its differs 
fro m th e common va riety of memo ry and 
1/0 devices we have become familiar with . 
To use devices other th an the 8755 and 
8155 ge neration req uires a series of demulti 
plex ing regis ters and buffer drivers to break 
ou t the address and data I ines to a logical 
equivalen t to the 8080. Th e SDK-85 allows 
for optional bus expansion and prov ides 
nine blank, pr·ewired in tegrated c ircuit loca
tions for jus t this purpose. 

Some of these registers and bus drivers 
are relative ly expe nsive consi der ing ou r re
quirements . With the nine integrated circuits 
inserted, a fu ll 65 K bytes of expans ion 
memory can be accommodated. The addi
tional ·1 K by tcs required in the presen t 
appl ica ti on docs no t warrant th is much ex 
pense. Th e method ill ustrated for ex pand ing 
the memory of the SDK-8 5 us ing read il y 
ava il ab le components is predicated on its 
stay ing a small system, ie : less than 8 K 
bytes. The full ex pansion circuitry is re
quired above th is va lue. Tab le 1 shows the 
necessary modifica tions. 

Ph oto 2 is a close-up of the header 

T't'PE AT LOCATION FOR 

I Al HIGH ADDRESS 
II A4 HIGH DATA

TYPE I n A7 L OW DATA 

I 24 n A2,A5,A3 CONTROL 

2 23 


TYPE II 

12 

Modifications to SD K -85 Board 
(for small system) 

Note: An Intel (single 5 V supply) 2716 can be subst ituted by removing the 
-5 and +12 V supply connections and ty ing pin 19 to BA10. !Numbers with J 
prefixes refer to connector p ins on the SDK-85 board. Numbers with A prefixes 
are integrated circuit locations.) 

• 	 Solder in 40 pin wire wrap headers at Jl and J2. 
• 	 Solder in 34 pin wire wrap headers at J3 . 
• 	 Solder in 26 p in wire wrap headers at J4 and JS. (I used Scotchflex wire 

wrap headers .) 
• 	 Insert 8212 at A6 to hold low address lines mutliplexed. 
• 	 Insert jumper headers as in table 1. 
• 	 Add 74SOO at A8 and 74LS74 at A9 to enable line OSI 8212 (except 

during HOLD). Other buses are unbuffered, and will be floated at 8085. 
• 	 Meaning of signals on J1 and J2 remains the same as with SDK-85 cir· 

cuitry, just less drive level for a small system. 
• 	 Now add standard 8080 1/0 memory devices via J1 and J2 wire wrap posts. 

Table 1: Modifications which must be made to the SDK-85 board to 
expand the memory capabilities. 

Photo 2: To add the 
additional memory to the 
SDK-85, nine integrated 
circuits are required. If a 
limited quantity of ex
pansion is required, the 
technique described in the 
text using three integrated 
circuits and jumpers can 
be used. This photo illus
trates these jumper headers 
installed in the circuit. 

Software consulting fo r 
this series of articles was 
provided by Steve Sunder
land. 
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CS6 

7432 

FROM { BIO/M 
J2 

BRO 

7432 

BAO 

BAI 

BA2 

BA3 
TO BA4 TO 
ADDRESS DATA 
BUS BAS BUS 

BA6 

BA7 

BAB 

BA9 

6 

20 

8 
Ao 

CS/WE 

7 
01A1 BOO 

6 
A2 02 BD I 

5 
A3 03 BD2 

4 
04A4 ICS BD3 

3 
As 2708 05 BD4 

2 
A5 06 BOS 

A1 07 BD6 
23 

BD7 
22 

Ae 09 

Ag 

Figure 7: Circuit for adding a 2708 erasable read only memory to the SDK-85 
computer board. Note that an Intel 2776 (single 5 V supply) can be substi
tuted by removing the - 5 V and +72 V power supply connections and tying 
pin 79 to BA 70. 

Figure 2: Circuit for add 7408 

jumpers installed in the appropriate sockets 
on the board. Figure 1 illustrates the circuit 
connections for adding a 2708 to the basic 
board once the address lines have been 
brought out. Similarly, figure 2 details the 
circuit for adding 1 K bytes of progi-am
mable memory. Th e suggested placement of 
these components is in the protolype 
assembly area provided on the board. Photo 
3 demonstrates a viable pl acement and 
phoLO 4 shows how much wiring will be re
quired to make these m edifications. 

If wired as described, the system memory 
will be mapped as in tab le 2. 

Computer Software 

As stated in the first article in this ser·ies, 

Hexadecimal 
Mem ory l ocation Descr ipt ion 

original on board program2000 thru 20FF mable memory 

1 K byte programmable3800 thru 3COO memory expansion 

2 K byte read only memory0000 thru 07FF 
monitor 

read on ly memory expansion3000 thru 3400 area 

ing 7 K bytes of program Table 2: A memory map of the SDK-85 
mable memory to the computer after additional memo1y is added. 
SDK-85 computer. 

8 

BAO 

BAI 

BA 2 

BA3 

TO BA4 
ADDRESS 
BUS (J2) BAS 

BA6 

BA7 

BAS 

BA9 

DEVICE PIN ASSIGNMENT 

NUMBER 
ICI 
IC2 
IC3 
IC4 
ICS 

TYPE +SV GND -SV +12V 

19 

740B 14 7 
7432 14 7 
2114 18 9 
2114 16 9 

2706 24 12 21 

10 8 10 B 

5 

WE cs 

Ao 

Al 

A2 

A3 

A4 IC3 

As 
2114 

A5 

Ar 

Ae 

Ag 

110 IIO 110 1/0
I 2 3 4 

s 

WE cs 

IC4 
2114 

I/O 110 110 110 
I 2 3 4 

6 

7 

4 

3 

2 

17 

6 

7 

4 

3 

2 

17 
16 16 

15 15 

14 13 12 II 14 13 12 II 

BOO BDI BD2 BD3 BD4 BOS B06 807 

TO DATA BUS (JI) 
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Photo 3: Left side of the 
SDK-85 board contains 
a prototyping area which, 
in this case, has been used 
for the extra memory cir
cuitry. The photo shows 
an In tel 2 716 2 K byte 
erasable read only memory 
which was used because 
of a desire for single 
supply power baclwp. The 
software only requires 7 K 
bytes and can use a 2 708 
instead. Scotchflex con
nectors to the right of the 
2 17 4 and 2716 attach the 
SDK-85 to the external 
sensor inputs and control 
output. 

Photo 4: Attachment of 
additional memo1y can be 
easily done using wire 
wrap techniques. This 
photo demonstrates the 
complex ity of the con
nections. 
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SENSOR 
STATE 
TR ANSFER 
TABLE 

Figure 3: The information 
flow diagram within the 
security system. 

the two major factors involved in developing 
the software for the home security system 
are simplicity and flexibi li ty. Simplicity will 
lead to a straightforward implemen ta ti on of 
the design during the coding process and will 
greatly reduce the time required to debug 
the code and get on the air. 

This approach requires that a consider
able amount of time be spent before one I ine 
of code is written. During the conceptual 
phase, an overall system logic is developed. 
Then the designer begins the task of defining 
the tables, fi les, records and logic require 
ments in detail. 

Iterative reflection al lows for th e develop
ment of a "simple" design which is clear and 
easy for others to fol low. In addition, the 
designer will find that upon completi on of 

DISCRETE 

SENSOR 


INPUT 


this process, the various software modules 
will have virtually coded themselves, greatly 
reducing the time required to code and 
implement a given design. 

System Overview 

Figure 3 illustrates the flow of informa
tion in this security system. 

The cold start procedure causes the sys
tem to initialize the sensor state transfer 
table, delay timer file and time of day file. 
This procedure requires time of day entry 
through the keyboard in hours and minutes 
(24 hour clock) so that the system will be 
able to activate even ts in the proper se
quence. Upon completion of this procedure 
the cold start initia lizes the digital input or 

TIME 

REAL TIME 
CLOCK 

INTERRUPT 

DELAYOF TIMER
DAY FILE
FILE 

EVENT EVENT 
RECORD RECORD 
PROCESSOR FILE 

~~P~N-;EI 
1 RECORD r-----· 
~~:: _ _J 
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I DIG ITA L I
I OUTPUT I- ••
I RECORD I -- ..._. 
L1.'.:_D_:x_.....1 
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sensor states, activates the real time clock 
interrupt, and starts scanning the sensors. 
(Intruders beware, for the security system 
is now active!) 

The system continua ll y mon itors the 
state of the various sensors via the digital 
scan module ; and periodical ly (once a 
second) checks to see if any time events are 
to be initiated. In order to demonstrate how 
a timed event function is processed , let's 
assume that one of the time of day records 
initiates the sequence that te lls the system 
to turn the percolator on at 0600. As the 
system processes each interrupt from the 
real time clock, the time in th is record wil l 
be compared to the current t ime of day. 
When they are equal, the events leadi ng to 
a freshly brewed cup of coffee would be 
under way. 

The first step in th is exam pl e is effected 
by the timer processor which extracts an 
event record address from the time of day 
record and passes it to the event reco rd 
processor. The event record processor 
assumes control, and usi ng the record 
address passed to it, obtains from the event 
record file the list of response records to be 
processed for th is event. 

Only one response reco rd is required . 
However, fo r more co mplex functions the 
event record can be structured to execute 
up to 255 different responses to an event . 
The respo nse record index, which the event 
reco rd processo r obtains from the event 
record, is now transferred to the response 
record processor. 

The response record processor, using the 
index supplied, obtains a record from the 
response file. In our example thi s record 
directs the processor to activate the digital 
output subprocessor and passes the index of 
the digital output record to be used in turn
ing on the percolator. Having accomplished 
this functio n the subprocessor return s con 
trol to the event reco rd processor, which 
checks to determi ne if any further responses 
are requi red. If so, it will init iate the re
spo nse. In our example no further response 
is required and contro l is return ed to the 
timer processor. This completes processing 
of those delay and ti me of day records re
quiri ng servicing. This same procedure is 
used in the servicing o f delay t imer records 
whose delay time has expired. 

The servicing of a sensor event is in itiated 
by a different mechanism. However, once 
control is transferred to the event record 
processor the servici ng of the event fol lows 
the same sequence as our perco lator exam
ple. The event record processor wil l return 
contro l to the digita l scan mod ule when it 
completes initiation of all the responses 
associated with the event. 

Why

Pay More? 


Why pay for more printer than you need? Our 
series 40 printers offer more features for less 
bucks than any other commercial quality printer 
on the market today. A complete stand-alone 40 
column impact dot matrix printer with a 64 
character ASCII set. Includes power supply, 
casework and interface electronics. Single 
quantity price for the parallel ASCII interface 
model is $425. Serial RS232/current loop 
interface models start at $575. OEM discounts 
available. 

For more infor
mation write to: 

MPI 2099 West 
2200 South, Salt 
Lake City, Utah 
84119 or call (801) 
973-6053. 

lremendous Savings 
on Refurbished AJ 
Couplers/Modems 
Your chance to buy the best from the world leader in 
data communications. We have a variety of couplers 
and modems-formerly on lease to our customers 
- fully refu rbished. This is a rare opportunity for you 
to have the same models used by the largest compa
nies in the world . 

• Some models under $100! 
• 30-day parts/ labor warranty 
• Nationwide AJ service network 
• Fast delivery 
• Variety of models-up to 1200 baud 
• Limited quantities 

Act now. Fi rst come, fi rst served. Write Anderson 
Jacobson, Inc., 521 Charcot Ave., San Jose, CA 
95 131. Or call your nearest AJ office: 

Sunnyvale. CA Rosemont , IL Hackensack, NJ 
(408) 744- 1785 (31 2) 671-7155 (201) 488-2525 

1:1 ANDERSON 

~JACOBSON 
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TURTLES 

• • -:,,4).... 

by (1 '111// lill . 11 I< . 

Small home robots 
controllable 
by your computer. 

~ --.-..:::: _ 

Attachable to any computer via parallel interface 
{not included.) 

Use your Turtle to map rooms, solve mazes. dance, 
explore Artificial Intelligence, teach geometry or 
programming. 

Computer not included (batteries not needed). 

Brochures available Terrapin, Inc. 

Kit $300, Assembled $500 33 Edinborough Street 
S-100 Bus Interface Kit $40, 6th Floor 

Assembled $50 Boston, MA 02111 
U.S. postage $5 (617) 482-1033 
Mass. residents add 5% sales tax 

The8100by~ 


• S-100 BUS INTERFACE 

• 6 SLOT MOTHERBOARD 
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• PARALLEL INPUT ANO OUTPUT 
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To illustrate the processing of a sensor 
detected event, let's assume that you have 
installed a photodetector at the entrance to 
your driveway. When this sensor is activated, 
an exterior light in your home is to be 
turned on. 

The digital scan module is continually 
scanning the state of the sensors connected 
to the input ports of the security system. 
When this module detects that the photo
electric device has been tripped, the se
quence that turns on the light is initiated. 
Using the information it has, the scan 
module obtains from the sensor state trans 
fer table the record associated with the 
driveway sensor. This record contains two 
entries: one for the sensor going to a set (1) 
state, and one for a reset (0) state. These 
two entries are provided so that event proc
essing can be initiated on a transfer to a set 
state, a transfer to a reset state, or both. 

Assuming that a reset state triggers an 
event, the light beam is broken and the 
signal goes to a logic 0. The digital scan 
module extracts from the sensor state trans
fer table the address of the event record to 
be processed and transfers control to the 
event record processor. This results in the 
turning on of the exterior ligh t. 

These two examples should illustrate 
the manner in which the software modules 
interact with one another. A deta iled de 
scription of the functions of each module 
and the structure of the various records, 
tables and files used in the system follows. 

Cold Start 

The cold start module requires some 
special tai loring for each system. It is the 
responsibility of this module to start the 
operation of th e system . 

There are a few basic functions which this 
module must perform (see fig ure 4). Th e 
primary functions are to transfer th e state 
transfer vector table, time of day fi le and 
delay time file from erasable read onl y 
memory to a preset location in programma
ble memory. The records in these files and 
tables contain volat ile fields (data wh ich will 
be periodically updated) . 

Another major function of the cold start 
module is obtaining the current tim e of day 
from the person initiating the system . The 
user enters this data via the keyboard 
located on the SDK-85 printed circuit board . 
(The SDK-85 is a good choice for this sys
tem because it provides the basic require
ments for data entry and display .) The time 
of day as entered is displ ayed on the 6 digit 
LEDs and updated periodically by the real 
time clock. 

The two remaining functions necessary 

http:11111.11
http:Fcbrn.uy
http:1...,.nb


COLD START 
MODULE 

TRANSFER STATE 
TRANSFER VECTOR 
TABLE, DELAY TIMER 
FILE, AND TIME·OF-DAY 
FILE TO PROGRAMMABLE 
MEMORY 

Circle 31 0 on inquiry card. 

At last... 

the mechanical interface! 


Turn your electric typewriter into a low cost , 
high quality hard copy printer. 

// 
/_.,..,.. ,,,. The all new 

110 Pak from 

GET TIME·OF·DAY 
(HRS/MINUTES) 
FROM KEYBOARD 
AND INITIALIZE 
TIME·OF · DAY 

DISPLAY TIME ·OF· DAY 
ON ADDRESS AND 
DATA DISPLAY 

SET THE REAL 
TI ME CLOCK INTERRUPT 
TRANSFER ADDRESS 
AND ENABLE INTERRUPT 

TRANSFER CONTROL 
TO DIGITAL SCAN 
MODULE 

Figure 4: Cold start logic module. 

to the cold start process are the initiation 
of the dig ital input state table and enabling 
of the real time clock interrupt. The detec
tion of a digital event is the resu lt of a com
parison of the current state of a digital out
put with its previous state. Therefore, the 
initial · state must be explicit ly set. The 
state table for all d igital or ·sensor inputs 
resides in volatile memory and must be set 
to zero to avoid amb igu ity caused by power
ing up the system . 

Since the SDK-85 provides the user with 
a vectored interrupt capability, the final 
function of the cold start modu le is to set 
the final timer (user vectored interrupt) 
vector address. This is accomplished by plac
ing a jump instruction at a previously 
defined address followed by the address of 
the rea l time clock interrupt module, ie: 
JP RTC + JUMP TO REAL T IME CLOCK . 

After initiating the interrupt transfer 
address, the cold start module enables the 
real time clock interrupt and transfers con
trol to the digital scan module. 

Digital Scan Module 

The responsibility for detecting an in 
truder, fire, smoke, etc, li es with the digital 
scan modu le. This modu le continually moni
tors the state of the digital sensor inpu ts and 
when it detects that an input has changed 
state (gone from a set (1) to a reset (O} con-

Rochester Data . 
Inc . interfaces the keyboard 

of any commercia lly available 
electric 1ypewri1er w11h any 

User list computer. The resull: low cost. high 

quali ly hard copy. 


Write today for more Information. 


ROCHESTER DATA 

3100 Monroe Avenue , Rochester. New York 14618 

NO FRILLS! NO GIMMICKS! JUST GREAT 

DISCOUNTS 

MAIL ORDER ONLY 

HAZELTINE DIGITAL SYSTEMS 

1400 . ..... . ...... s 650.00 
 Computer .. . ....... $4345.00 
1500 .... . . . . . . . . 995.00 Double Density

Mod 1 . . . . . . . . . . . . 1495.00 
 Dual Drive . . . . . . . . 2433.00 


CENTRONICS 
 IMSAI 
779 ..... .. .. . ... . 895 .00 VDP 80/ t 000 ....... $5895.00 
779 tractor . . . . . . . 950 .00 VDP40 .... . ..... 3795.00 
700 tractor . . . . . . . . 1095.00 VDP42 .. . .. . . . . 389~00 
761 KSR lractor ... . 1595 .00 VDP 44 . . . . . . . . . . . 4195.00 
703 tractor . . . ... . 2195 .00 16K Memory assem. . . 399.00 

NORTHSTAR PCS 80/ 15 . . . . . . . . . 679.00 
Horizon I assembled .. 1629.00 15% off on <tll other IMSAI products 

kit .... 1339.00 CROMEMCO
Horizon II assembled . 1999.00 System Ill~ . . 4990.00

kit .. . .. . 1599.00 

Disk System ... . ... . 589.00 
 10% off on :tll other Cromtimco produc1s 

TEXAS INSTRUMENT 


Mod 43 . . . . ...... . 1095.00 

TELETYPE 

810 Pr inter .......1625.00 


ADDS 

16K Static Memory . . . 459.95 


IMS 
Regent 100 . . . . . . . . . 1095.00 

Most llems In stock tor Immediate delivery. Factory-fresh, saaled cartons. 

DATA DISCOUNT CENTER P.O. Box 100 
135-53 Norlhem Blvd., Flushing, New Yc><1< 11354, 2121465-6609 

N.Y.S. residents add appropriate Sales Tax. Shipping FOB N.Y. 
BankAmericard, Master Charge add 3% . COD orders require 25% deposit. 
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dition, or a reset (0) to a set (1) condition). 
initiates the processing of the event. 

As can be seen from the flowchart (fig
ure 5), the digital scan module reinitializes 
itself after each scan. As it scans the current 
status of the system sensors, the input data 
is compared bit by bit until all input bits 
have been processed. If the module deter
mines that no change has taken place in the 
state of the sensor 1 the next bit in the 
sensor state table is processed. This func 
tion continues until all sensor states ho.\fe 
been checked, at which time the process is 
started over. 

If, however, the above mentioned tech 
nique detects that a sensor has changed 
state, the state history table is updated to 
reflect the new state of the sensor. The sen
sor state transfer record is extracted from 
the sensor state transfer vector table (see 
table 3) . 

The sensor state transfer vector table co n
tains two fields for each sensor or digita l 
input. These two entries comprise one 
record within the table or file , with each dig
ital input requiring one record. The first 
entry or field within a sensor record contains 
the event record address to be passed to the 
event record processor upon a transition to a 
set (1) condition by the sensor, and the 
active/inactive flag (bit 7 of the upper 
address byte). The second fie ld or entry con 
tai ns the same information as the first, but 
is used when a transition to a reset (0) con
ditio n has taken place. If the active/inactive 
flag is reset (O) the entry is considered to be 
active and further processing may take pl ace; 
if the flag is set (1) no further processing is 
allowed. 

In the event that the sensor has under
gone a transition to a set (1) condition, the 
first entry of the sensors state transfer 
vector record is obtained from the table, else 
the second entry is obtained . Then the active 
flag is examined . If t his flag is found to be 
reset (O), the event record address is trans· 
ferred to the event record processor for 
additional processing. 

However, if the flag indicates the entry is 
inactive (flag eq uals 1 ), no further processing 
of the transitio n event will take pl ace and 
the digita l scan modu le will contin ue to 
process inputs in its normal manner. 

As you may have noticed, the manner in 
which inputs are processed to completion is 
sequential in nature. That is, when a transi
tion of a sensor requires processing, al l proc
essing associated with that event is com
pleted before the next sensor input is proc· 
essed. This is possib le because the processing 
of a given event wil l not substantial ly delay 
the processing of the next sensor, since no 
appreciable 1/0 processing is required. One 



Byte 

0-1 

2-3 

Description 

Event Record Address for RESET to SET State Transfer 
for Digital Input 1 (High Order Bit=Active Flag) 

Event Record Address for SET to RESET State Transfer 
for Digital Input 1 (High Order Bit=Active Flag)

l 3-4 
Event Record Address for RESET to SET Transfer 
for Digital Input 2 (High Order Bit=Active Flag) 

5-6 
Event Record Address for SET to RESET Transfer for 
Digital Input 2 (High Order Bit=Active Flag) 

(2n-1 )-2n 

- (2n+2)(2n+1 l 

Event Record Address for RESET to SET State Transfer 
for Digital Input n (High Order Bit=Active Flag) 

Event Record Address for SET to RESET State Transfer 
for Digital Input n (High Order Bir-Active Flag) 

other feature afforded by this design is that 
one or more sensors may use the same event 
record since after the digital input process
ing there is no further need to maintain the 
identity of the sensor undergoing the 
transition. 

Since the processing of all inputs is 
sequential, the user should not incorpora te 
lengthy input or output procedures in a 
user supplied application module. 

DIGITAL SCAN 
MODULE 

INPUT CURRENT 

STATE OF SENSORS 

FROM INPUT PORTS 


INITIALIZE DIGITAL, 
INPUT PROCESSING 
INDEX 

OBTAIN LAST STATE 
OF SENSOR n FROM 
SENSOR HISTORY TABLE 

OBTAIN CURRENT 
STATE OF SENSOR 
n FROM CURRENT 
SENSOR INPUT DATA 

NO 

YES 

INCREMENT DIGITAL 
INPUT PROCESSING 
INDEX 

NO 

UPDATE SENSOR 
n STATE IN THE STATE 
HISTORY TABLE 

OBTAIN EVENT 
NO RECORD ADDRESS FROM 

>-'-'---t~ BYTES 2 AND 3 OF 

OBTAIN EVENT 
RECORD ADDRESS FROM 
BYTES 0 AND I OF 
EVENT RECORD n 

NO 

SAVE DIGITAL 
PROCESSING INDEX 
ON STACK 

EVENT RECORD 
PROCESSOR 

(ADDRESS OF 
EVENT RECORD) 

RETRIEVE DIGITAL 
PROCESSING INDEX 
FROM STACK 

Figure 5: Digital scan logic design. 
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Event Record Processor Module 

As stated in th e digital scan module 
descript ion, the event record processor is 
activated when the digital scan module 
detects a state transition which requires 
processing. This module is also activated 
when an active del ay timer (see timer inter
rupt processor module) or time of day event 
occurs. 

{
Record 1 

Rooo•d" 

Record n 
{ 

EVENT RECORD n 

Table 3: Sensor state 
transfer vector table for
mat. 



This structure of the event record dic
RECORD 2 POINTER 

) 
tates the manner in which the record being .. processed must be accessed. Generally al I. 
records within a file are of fixed length and RECORD I DATA """' [ .. can be referenced by an index which serves . as a relative pointer into the file to access 

Figure 6: Representation 
of chained records in 
memory space. 

RECORD 2 

RECORD 3 

RECORD 3 POINTER ... 
RECORD 2 DATA . ).. 

RECORD 4 POINTER ... 
RECORD 3 DATA . ).. 

The address of th e even t reco rd requiring 
servicing is given to the event record proc
essor. The event record (see table 4) con
ta ins the addresses of the response recor·cls 
to be processed when a digi Lal scan (se nsor"). 
delay timer or time of day eve nt occurs. The 
records in the table or file of event records 
arc of varying length in order to allow one 
or more spcci fie responses to be associated 
with any event. 

Figure 7: Event records 	 SENSOR STATE 
TRANSFER vECTORSare accessed through sen

sor state transfer vectors. 

SET STATE 
EVENT RECORD 
ADDRESS 

""" ;{ RESET STATE 

the record in question . However , when the 
records wi thin a file are of variable length, 
an absolute or relative address must be 
provided to obtain access to the record in 
question . Th is address may be obtained via 
two different tech niques. The first technique 
requires that all records in a fi le be "chained" 
together . This means that there is a data 
fie ld in the first record which points to the 
second record in the file, which in turn 
points to the third record, etc (see figure 6) . 

To access a record in this type of file the 
record index is supplied to the access mod
ule which then sequences the chain down (or 
up) until the proper record is located . Th is 
structure is used when a record search is 
required to extract data from one or more 
records in the fi le, but in the case of this sys
tem offers no advantages. 

The second technique, and the one 
employed in this system, requires a directory 
of record addresses (see table 3). so that the 
modu le detecting the req uireme nt for event 

DELAY T I MER FILE 

ADDRESS OF ) RECORD
EvENT RECORD 

EVENT RECORD EvENT RECORD FILE 
ADDRESS 

Table 4: Event record format. 

Byte Description 

0 
Number of response record indices with in 
the record 

Relative index of response record i 

2 Relat ive index of response record j 

n Relative index of response reco rd i 

EVENT 
RECORD I 

EVENT 
RECORD 2 

EVENT 
RECORD 3 

T IME OF DAY FI LE 

ADDRESS OF 
) RECORD n EVENT RECORD 
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processing will have access to the event 
record associated with the event (see tables 7 LSl-11 TIME 
and 8) as is done with the timer delay and 
time of day records. An event record can 
therefore be isolated via one of three sources 
in the security system : the sensor state trans
fer vector table, the time of day records and 
the delay reco rds (see figure 7) . 

Since an event record may contain more 
than one response directive, the first data 
field (byte O) of the record contains the 
number of response records (see table 5) 
associated with the event in question . Those 
fields following within the record contain 
the relative indices of the response records 
that require processing. 

EVENT RECORD 

PROCESSOR 


OBTAIN NUMBER 
OF RESPONSES TO 
BE PROCESSED FROM 
EVENT RECORD 

INITIALIZE EVENT 
RECORD PROCESS 
INDEX 

OBTAIN RESPONSE 
RECORD INDEX FOR 
THE Nth RESPONSE 
FROM EVENT RECORD 
AND CALCULATE 
ADDRESS OF RECORD 

SAVE EVENT RECORD 
PROCESSING INDEX 
ON STACK 

RESPONSE PROCESSOR 

(RESPONSE RECORD 
ADDRESS) 

RETRIEVE EVENT 
RECORD PROCESSING 
INDEX FROM 
STACK 

INCREMENT EVENT 

RECORD PROCESSING 

INDEX 


r;;-AVE--;L~---,
NO --l RESPONSES BEEN I 

~ROCES..:.E~ _ _j 

RETURN 

Figure 8: Event record processor logic dia
gram. 

It's TIME you brought your LSl-11 up to DATE. TIME and 
DATE, two important parameters in the computer world , are 
available to your LSl -11 on one DUAL SIZE BOARD. When 
requested , the TCU·SOD will present you with the date (month 
and day). time (hour and minutes) , and seconds. Turn your 
computer off and forget about the time - your battery sup 
ported TCU·SOD won 't, not for 3 months anyway . The correct 
date and time will be there when you power up. 

The TCU-500 is shipped preset to your local time , but can be set 
to any time you want by a simple software routine. 

AT $295 

VOV CAN'T AFFORD TO IGNORE TIME 


Time is only one way we can help you upgrade your LSI · 11 or 
PDP· 11 system . We'd also like to tell you about the others . So 
contact Digital Pathways if you 're into -11 's. We are too. 

theULTIMATE in 

CHEAP VIDEO 
BOOK&KIT 

ONLY $42.95 

'· 
~ ,.-,: .., 

umYn .;.. ·~ ·- • 

-a- ...... 

Don Lancasters "Cheap Vide;'concept allows almost 

unlimited options, including:


* Scrolling· Full performance cursor.
* Line/ Character formats of 16/32, 24180, 32/ 64 ... . 


or almost anything.

* Graphics -up to 256 X 256 B &W: 96 X 128 COLOR 


Crequires low-cost option modules) 


* Works with 6502, 6800 and other micros . 

SPECIAL OFFER: Buy the Kit (upper case alpha· 

numeric option included) & get the Book at 1/ 2 price. 


IDiA ELECTRONICS, DEPT.2·B. 1020 W. WILSHIRE BLVD.. OKLAHOMA CITY. OK 73116 

I'm Sold, PLEASE RUSH .. ... CJ SF.ND FREE CATALOG 

C l TVT·6 5.'8 Kit&. Cheap Video Cookbook - $42.95 (enclosedI 

( l TVT·6 5;s Kit only (book required for assetnblyJ-539.95 


name:____________________ 

address:___________________ 

city: ________state: zip:----

IDiA ELECTRONICS DEPT. 2· B , 1020 W. WILSHIRE BLVD.. OKLAHOllA CITY. OK 73116 
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Upon entry, the modu le saves the event 
record address in a temporary working area 
and the n extracts from the event record the 
number of response records to be proc
essed (see figure 8) . This data wi ll then be 
used to initialize the event record processor 
counter and the initial response record 
address will be cal cu lated: 

Respo nse Record Address = 

{Response Record lndex-1 )x3 

+ Base address of Response Record Fil e 

This respo nse record address is then 
passed to the res ponse processor for execu
tion. When comp leted, contro l is returned to 
the event record processor. If additional 
records require processing, the next effective 
response record address is calculated and 
control is tra nsferred to the response record 
processor. If a ll records have been processed, 
control is returned to the modu le initiating 
the request for service, either the digital scan 
module or the timer interrupt module. 

Response Record Processor 

The funct ion of the response record proc
essor (figure 9) is to determine from the 
response record the type of action required, 
and to activate the appropriate response sub
processor. The activated subprocessor will 

effect the final response and then return 
control to the event record processor. 

There are six basic responses associated 
with an event. These responses are defined 
by the response record (table 5) an d are: 

• 	 Activation of a digital output 
• Execution of an application module 
• 	 Initiation of a delay timer 
• 	 Deactivat ion of a delay timer 
• Activation of a time of day record 
• Deactivation of a time of day record 

The user should be aware of the function 
of each subprocessor and certain id iosyn
crasies. The processing of a digital output 
is the function of the output subprocessor. 
This processor will, upon act ivation , receive 
from the respo nse processor the index of 
the digital output record (table 6) it is to 
process. The digital output record co ntains 
the information necessary to effect the 
desired output. The current output state of 
each output bit of the port is maintained in 
the port's state word in the output port state 
fi le. Each set (1) bit in the state word rep
resents an activated output , and each reset 
bit represen ts a deactivated output. 

The output port identifier (byte 0) of the 
digital output record is used to extract the 
state data from the output port state file. 

LEARN TO PROGRAM WITH THE 6502 


MICROCOMPUTER 

PROGRAMMING: 


• 	 MICROCOMPUTER PROGRAMMING:6502 
By Rodnay Zaks, ref C202 $9.95 

This text will teach you how to p rogram with the 650 2. trom ground zero ii 

necessary: arithmetic, input-output, includ ing polling and interrupts, addressing 

techniques. Comple tely sell-conta ined . ii can be used by the novic e to learn 

p rogramming or b y anyone who wonts lo learn about basic techniques, 
using the 650 2. 

(The ou,hor hos tough I programming lo more than 1000 persons). 

• 	 6502 APPLICATIONS BOOK 
(For SYM and KIM), ref 0302 $12.95 

A series or pract ica l (hardware and software) applica tions ror a 6502 board 

CSYM p referred or KIM ) which ca n be used a s experiments. or implemented or 

minimal cosl. Example s ore: mo rse generator. e lec tronlc p ia no. d ig ita l clock. 

home ala rm system. lratlic controlle r. 

• 	 WITH SYM·MICROCOMPUTER BOARD 
(COMPLETE SELF-STUDY) 
C202 + 0302 + SYM Board + cassette 5330 
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Table 5: Response record format. 

Byte Description 

0 
Type of response to be performed (value~ 
0-5) 

1-2 Address of module or record index 

Response Type Address (Byte 1-2) Definition 

0 Index of Digital Output Record 

Address of Special Application 
Module 

2 
Index of Delay Time Record to 
Activate 

3 
Index of Delay Time Record to 
Deactivate 

4 
Index of Time of Day Record to 
Act ivate 

5 
Index of T ime of Day Record to 
Deact ivate 

Figure 9: Response record processor logic diagram. 

RESPONSE RECORO 

PROCESSOR 


OB TAIN RESPONSE 
TYPE FROM BYTE 
0 OF RESPONSE 
RECORD 

OBTAIN ADDRESS 
OF RESPONSE 
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SUBPROCESSOR 
ADDRESS TA BLE 

JUMP TO THE 
APPROPRIATE 
SUSP RO CESSOR 

r--------, 
._,.,.._ - - ---j ~~~~ONSE II L _______ J 

I I 

RESPONSE TYPE 0 

DIGITAL 
OUTPUT 
SUBPROCESSOR 

RESPONSE TYPE I 

APPLICATION 
MODULE 
SUBPROCESSOR 

I I 
OBTA IN DIGITAL OBTAIN ADDRESS 
OUTPUT RECORD OF APPLIC ATION 
INDEX FROM MODULE FROM 
RESPONSE RECORD RESPONSE RECORD 

I I 
CALCUL ATE ADDRESS 
OF OUTPUT RECORD 
USING RECORD 
INDEX 
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PERFOR M 
APPLICATION 

I I 
OBTAI N OUTPUT 
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FROM BYTE 0 
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RECORD 


I 
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STATE OF OUTPUTS 
ON THE PORT 
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THE BIT ISOLATION 
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~ RESET BIT IN I 
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SET BIT IN 
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WORD 

I 
OUTPUT PORT 
STATUS WORD TO 
OUTPUT PORT 

I 
( RETURN ) 

RESPONSE TYPE 2 

DELAY 
INITIAT ION 
SUBPROCESSOR 

OBTAIN DELAY 
TIMER INDEX 
FROM RESPONSE 
RECORD 

CALCUL AT E DEL AY 
TIMER RECORD 
ADDRESS USING 
RECORD I NOE X 
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)~N_o_ _- i' 
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RETURN ) 

I 

RESPONSE TYPE 3 

DELAY TIMER 
DEACTIVATION 
SU BPRO CESSOR 

I 

OBTAIN DELAY T IMER 
RECORD INDEX FRO M 
RESPONSE RECORD 

I 

CALCULATE DELAY 
T IMER RECORD 
ADDRESS USING 
RE CO RD INDEX 

I 

SET AC TI VE FLAG 
l• I) IN BYTE 0 , 
(S IT 7) OF DELAY 
T IMER RECORD 
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OBTAI N DELAY 
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3 
DE L AY TIMER RECORD 

I 
SET TIMER, 
BY TES 0 ANO I 
OF DELAY RECORD 
EQ UAL TO THE 
DELAY TI MER VA L UE 

I 
RETURN 

I I 


I I 


RESPONSE TYPE 4 

TIME-OF-DAY 
ACTIVATION 
SUSPROCESSOR 

RESPONSE TYPE 

TIME-OF-DAY 
DEACT I VATION 
SUSPROCESSOR 

OBTAIN TIME - OF  OBTA IN TIME - OF 
OAY RECORD I NDEX DAY RECORD I NDEX 
FROM RESPONSE FROM RESPONSE 
RECORD RECORD 

I I 
CALCULATE TIME-OF· CALCULATE TIME·OF· 
DAY RECORD DAY RECORD 
ADDRESS USING ADDRESS USING 
RECORD INDEX RECORD INDEX 

I I 
RESET ACTIVE SET ACT IV E 
FL AG ( •0 ) I N FLAG(<l)IS 
TIME - OF - DAY T IME -Of-DAY 
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I I 
RETURN ) ( RETURN ) 
~-~ ~----
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ONLY PROGRAMMERS 

SHOULD BE 


ALLOWED TO SORT! 


Isn't that ridiculous? They're your files, your infor
mation and your needs. Take control of them now 
with 

SORT·BO 
available separately (for only $95.00) or as part of 
FMS-80, the only fully integrated microcomputer 
File Management System. From initial file defini 
tion through selective report generation, FMS-80 
takes you every step of the way interactively. 
Also ask about REMOTE-BO Intelligent Terminal 
Software ; SCREEN DESIGNER-interactively 
create and utilize video forms ; and MLU-the 
complete Mailing List Utility. All run under any 
CP/ M-based system (IMDOS, COOS, etc.). 
BASIC interfaces implemented for most through 
CALL, and all have unique benefits. 

DEALERS: Have we got a deal for you! Liberal 
discounts and painless evaluation packages
we're waiting to hear from you. 

COMPUTERS PLUS, INC. 

678 S. Pickett St. 


Alexandria, VA 22304. (703) 751 -5656 


.l. B~Pi5
~'JC 8K STATIC RAM
GITALf _ ASSEMBLED 

S-100 
J'l 

RELIABILITY 
QUALITY 
DEPENDABILITY 
ADDRESSING 

Ot+BOAOO S\l'nTCH wnne MOTECTSlln'ROTEClS All 8K 
OR EACH 4t< BLOCK CAN BE PAOTEC TEO VV.. mom PANO. 

ALL S-100 BUS UNES AllE Fl.IllY DUfFERm 

PROTECT 
ONE LS·m LOAD PER Ut.t:. 


21lD2RAMS- TlfE &<RS T'VPICALlY AEOUIRES I SMtPS 


BUFFERING 
LOW POWER AT 8 VOi.TS • 4 ON·DOARD 5 VOL TREGUlATORS 

0. l , OA 2 WAJT ST ATES MAY OESQ.ECTEDWAIT STATES \MA PlUGGASl.E .IJMPER 

TI£ BOARD IS Gl..ASS EPOXV WITH SU< SCREEN LCGWO 
FUU SOLDER MASKS ON DOTH SIDES, F\.OW SOLOEJVIG, GOLD CONTACl SQUALITY 
P: NOJ SATlSFlE.DnETIJRH TIIE UNDAA4AGEDBKflS .,.tl l HlN 
10 DAYS FOO A.JU. REFUIOO - AL.SO 00 DAV ~lnEO \ 'I AAn.A.tlTY 

STOCK 10 JO CAYS. CAlL 0£TWt:EH 8:30 AND fHlO ro RESER'Vt 

GUARANTEE 
VOUR BKRS 00 roo MOOE INfQnlM nOt•DELIVERY 

PHANTOM 
COW't.ETE TESTl»GNOTONl.VO/-AU. MEMOIW CELlS eur l\l.SO 
OF AU S4.JPPOf1T CIRCUTJ1V At.t> OPTlONSTESTING 

INTRODUCTORY 450 ns 250 h t 

PRICE 
ASSEMBLED I TESTEO 

CALIFORNIA RESIDENTS ADO 6'\ TAX 

SPECIAL $149~ $189~ 

(714) 992- 5540 
2555 E. CHAPMAN AVL 
SUITE 604 
FULLERTON, CA 92631 
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Byte D escript ion 

0 Output Port for Output 

1 Bit Isolation Mask 

2 Output Condition Flag 

Table 6: Digital output record format. 
I f the output condition flag is 0, the output 
bit is turned off (0). I f the output condition 
flag is 7, the output bit is turned on (7). 

The bit to be operated upon is then isolated 
using the bit iso lation mask (byte 1). and the 
state of the bit is set or reset as directed by 
the output condition flag (byte 3) . The out 
put bit is then merged back into the port's 
state word, stored in the output port state 
file, and the port's new state is outputted. 
This procedure allows the output subproc
essor to effect a state change on a device 
without affecting the state of any other 
device connected to the port in question . 

User supplied application modules may 
be activated by the response record proc
essor by setting the response type equal to 1 
in the response record and providing the 
initial execution address of the modu le in 
bytes 1 and 2 (low order in byte 1) of the 
response record. This wi ll cause the response 
record processor to execute a jump to the 
specified execution address. Since all re
sponse subprocessors must return control to 
the event record processor, the user must 
exit his modu le with a return instruction. 

The initiation of delay timers (used to 
del ay a response) is the responsibility of the 
del ay initiation subprocessor. This module 
is, upon activation, given the index of the 
delay record (table 7) to be initiated. Upon 
init iation the sub processor de term in es if the 
del ay timer record is currently active. In the 
event that the time is active, control is re
turned to the event record processor, leaving 
the delay timer in its current state. In other 
words, an act ive delay timer is not reacti 
vated, nor is its de lay time reset to the 
initial value indicated in the record . How
ever, should the subprocessor determine 

Table 7: Delay time record format. I f the 
acti11e flag is 0, the timer is acti11e. I f the 
acti11e flag is 7, the timer is inactive. 

Byte Description 

Active Flag (Bit 7 , Byte 0) 
Delay Time (Seconds) - (Bit 6·0, Byte 0, 
Bit 7-0, Byte 1) 

0·1 

_ Timer Activation Value (Maximum value = 
2 3 32 ,767 seconds) 

Address of Event Record associated with4-5 
Delay Record 



1 Fully A ssembled, 

Tested, Guaranteed. 

450 nsec $310 
250 nsec $345 

Static TMS 4044-Fully Static 4Kx 1 Memory 

Circle 374 on inquiry card. 

Byte Description 

Active Flag !Bit 7) 
0 Hours (Bit 6-0) 

(0-23 hours) 

Minutes (0-59 minutes) 

Address of Event 

2-3 
Record Associated 
with Time o f Day 
Record 

Table 8: Time of day record format. If the 
active flag is 0, the record is active. If the 
active flag is 1, the record is inactive. 

that th e record is inactive, the active flag is 
reset, the timer's activation time is trans
ferred to bytes 0 and 1 of the record, and 
control returns to the event record processor. 

The deactivation or disabling of active 
delay timers is the responsibility of the delay 
timer deactivation subprocesso r. This mod 
ule is passed the index of the delay time 
record to be deactivated . Using this data the 
address of the record in question is deter
mined and the active flag (bit 7, byte 0) is 
set equal to 1, thereby disabl ing the timer. 
This same procedure is also used to deacti
vate a time of day record (tab le 8) . 

The activation of a time of day record 
is performed by the time of day activation 
subprocessor. This module is, upon activa
tion, given the index of the time of day 
record (table 8) to be initiated . Upon initia
tion the subprocessor wi ll determine the 
address of the record and the active flag 
(b it 7, byte 0) will be reset (0), thereby 
enab ling the time of day record. The sub
processor wil I then return control to the 
event record processor. 

Timer Processor 

As stated in part 1 (January 1979 BYTE, 
page 56), a real time clock with a freq uency 
of 1 Hz was used to provide th e time base 
for the system. Th is periodic signal causes 
the processor to generate an interrupt, 
thereby causing the current contents of the 
program counter register to be saved on the 
stack and control to be given to the timer 
processor (figure 8) . The functions of the 
timer processor are: 

• Handle real time clock interrupts 
• Display current time of day 
• Process delay timer records 
• Process time of day records 

Since the timer process is interrupt driven 
and capable of assuming contro l during any 
function of the system, it must be assured 
that the program it interrupted may resume 

TERMINALS FROM TRANSNET 
PURCHASE 


12-24 MONTH FULL OWNERSHIP PLAN 

36 MONTH LEASE PLAN 


------ 

PURCHAS E PER MONTH 

DESCRIPTION PR ICE 12 MOS. 24 MOS. 36 MOS. 

DECwriter II ... . ... .. .$1 ,495 $145 $ 75 $ 52 
DECwriter Ill, KSR .... 2,195 210 112 77 
DECwriter Ill, RO . . . . . 1,995 190 102 70 
DECprinter I .... ...... 1,795 172 92 63 
VT100 CRT DECscope 1,595 153 81 56 
Tl 745 Portable . . . . . . . 1,875 175 94 65 
Tl 765 Bubble Mem . .. . 2,995 285 152 99 
Tl 810 RO Printer . .... 1,895 181 97 66 
Tl 820 KSR Terminal . . 2,395 229 122 84 
QUME, Ur. Qual. KSR. 3,1 95 306 163 112 
QUME, Ur. Qual. RO .. 2,795 268 143 98 
ADM 3A CRT.. .. .. .. .. 875 84 45 30 
HAZEL TINE 1400 CRT. 845 81 43 30 
HAZELTINE 1500 CRT 1,195 115 67 42 
HAZEL TINE 1520 CRT. 1,595 153 81 56 
DataProducts 2230 .. .. 7,900 725 395 275 
DATAMATE Mini floppy 1,750 167 89 61 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
HI"!. PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 

ACOUSTIC COUPLERS • MODEMS • THERMAL PAPER 


RIBBONS • INTERFACE MODULES • FLOPPY DISK UNITS 


PROMPT DELIVERY • EFFICIENT SERVICE 


1RA NSNET CORPORATION 
2005 ROUTE 22, UNION, N.J . 07083 

201-688-7800 

16K STATIC RAM 


Chips for reliabi lity and OMA capability . 
Fully S-1 00 Bus Compatible- Dip Switch Address

able in two 8K blocks, 4K increments. Write Protect
able in 8K blocks, Memory Disable using Phantom (pin 
67) or strappable to any other pin . Built in Wait States 
(se lectable 0 to 3) . 

Bank Select-Bu ilt in Bank Select using device 
code 40H (Cromemco software compatible) · address
able to 512 KB . Also has alternate strappable code 
80H -making addressable over 1 million bytes. 

Quality Components-First qual ity factory parts, 
fully socketed, Input/outputs fully buffered. Glass 
epoxy board with silk screened legends, solder masks, 
Go ld Contacts. 

Guaranteed-Parts and labor for 90 days. If not 
satisfied, return the undamaged board within 10 days 
for a full refund (U .S. only). 

Orders-You may phone for Visa, MC orders 10 to 
4 CST. Personal checks must clear prior to shipping. 
Shipping - Normally from stock. Expected shippi ng 
date will be promptly notified in case of delay. Illinois 
residents add 5% Sales Tax . No COD . Please incl ude 
phone number with your order. 

P.O. Box 906 Phone:S. C. <Digital Aurora, IL 60507 312-897-7749 
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TIMER 
PROCESSOR 

SAVE USERS 
REGISTERS ON 
STACK 

INCREMENT 
SECONDS 

NO 

NO 

NO 

SET SECONDS 
:O 

INCREMENT 
MINUTES 

execution. To assure this capability, the 
timer processor immediately upon activation 
saves the registers of the interrupted pro
gram on the stack. Using this technique it is 
possible upon completion of the timer proc
essor to restore the registers to the state they 
were before the interrupt and to return con
trol to the interrupted module. 

Upon completion of the saving of the 
interrupted modules registers, the time of 

Figure 70: Timer processor logic diagram. 
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(BYTE 0 a I) 

NO 

OBTAIN EVENT 
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FROM DELAY 
TIMER RECORD 

SAVE DELAY TIMER 

RECORD PROCESSING 
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STACK 

day being maintained by the computer is 
updated and displayed. Hours are displayed 
in the upper two digits of the address dis
play, minutes in the lower two digits of the 
address display, and seconds in the data 
display. To avoid any ambiguity in discern
ing AM from PM, time is maintained using 
a 24 hour clock. In this system, then, 
0 hours, 1 minute, 0 seconds corresponds to 
12:01 AM; 13 hours, 0 minutes, 0 seconds 
corresponds to 1 PM . 

r------1 
I IS I

NO _, TIME-OF-DAY I 
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I ACTIVE I 
1..------~ 

rl ~ -;;u-;~~ -11 
HRS, MIN, SEC 

--l =TOTIME I 
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NO 

L ~E.:_o~-- _J 

OBTAIN EVENT 
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SAVE TIME-OF-DAY 

RECORD PROCESSING 
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STACK 

EVENT RECORD 
PROCESSOR 

(EVENT RECORD 
ADDRESS) 

SET SECONDS 
=O 

INCREMENT 
HOURS 

SET HOURS 
=O 

INITIALIZE DELAY 
TIMER RECORD 
PROCESSING 
ADDRESS ANO 
DISPLAY CURRENT 
HRS, MIN, a SEC 

EVENT RECORD 

PROCESSOR 


(EVENT RECORD 

ADDRESS) 


RETRIEVE DELAY 
TIMER PROCESSING 
ADDRESS FROM 
THE STACK 

INCREMENT THE 
PROCESSING ADDRESS 
TO THE NEXT 
DELAY RECORD 

r------..,
I HAVE ALL I 

NO - -I TIME-OF-DAY I 

RETRIEVE THE 
TIME - OF-DAY 
RECORD PROCESSING 
ADDRESS FROM THE 
STACK 

I NCREMENT THE 
PROCESSING ADDRESS 
TO THE NEXT 
TIME-OF-DAY RECORD 

RECORDS BEEN I
I PROCESSED1.. ______ J 

r------, EX I T INTERRUPTI HAVE ALL I STATENO DELAY T I MER 

_,I RECORDS BEEN I 


PROCESSED I 

L------...l 


INITIALIZE THE 
TIME-OF-DAY 
PROCESSING ADDRESS 
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WITH INTERFACE 

Circle 72 on inqu i ry card . 

The t imer processo r scans the fil e of 
de lay timer 1-ecords (table 7) to process 
those records which are active. Th e fu nc
tion of the delay t i mer reco rd is to provide 
a delay of a preset number of seconds before 
processing an eve nt record. To demonstrate 
how th is function works, let's assume that 
one wishes to activate an audib le alarm 50 
seconds after a particular sensor- has bee n 
tr ipped . You wo uId structure the event and 
res po nse records so that the tripping of the 
senso r wo u Id activate the delay ti mer reco rd 
yo u were associat ing with this event. The 
act ivation of th e de lay tim er ca uses the 
active fl ag to be reset and the timer ac tiva
tion value (bytes 2 and 3) to be tra nsferred 
to the de lay time . In our exa mple this wil l 
cause the val ue 50 to be loaded in to bytes 0 
and ·1 of our delay timer va lu e. 

As each real time clock interrupt causes 
the t imer processor to scan the fil e of del ay 
time reco rds, it wi ll fi nd that o ur record is 
active. Once the processor determines that a 
record is active it will decrement the current 
delay ti me remaining and then check to see 
if the time remaining is zero . If there is still 
de lay time rema ining (t ime greater than 
zero) no further act ion is taken. 

However, if there is no ti me remaining 
(time equals zero) the act ive flag is set , the 
cu rre nt registe rs saved, the add ress of the 
eve nt record is extracted from the de lay 
time reco rd , and control t ransferred to the 
eve nt processor . Th e sequence of operations 
perfo nned from this po in t wil l directly 
result in the aud ible alarm being turn ed on. 

The processing of the records in the t ime 
of day fi le (see table 6 for record for mat) is 
pe rfo rmed upon the co mple t ion of all delay 
t ime records. Time of day records are proc
essed in a manner very si milar to that 
described for delay t imer reco rd s. Wh en an 
active reco rd is enco un te red during the scan 
of the time of day fi le, the curre nt t ime of 
day being ma in tained by the system wi ll be 
compared to the time of day specified in 
bytes 0 and 1 of the record. Should these 
t i mes be identical, the records fl ag is set to 1 
and the processi ng of the event record speci 
fied in bytes 2 and 3 is in itiated as descri bed 
above. After servici ng all records in the ti me 
of day file, con trol is return ed to the inter
rupted modules.• 

Next Month: Part 3 of the Compu
terized Security System illustrates the 
design of some of the sensors, gives 
listings of a few of the control modules, 
and describes the design of the rem ote 
sensor display panel. 

NOBODY SELLS THE BEST FOR LESS! 


COMPUTER LAB OF NEW JERSEY 


LIST SPCC1AI. 

PR IC E PA IC I: 

Solid State Music 
8080 CPU Board Kit 

$149.95 $127.45 

Mountain Hardware 
Introl System $329.00 $279.00 

IMC Keyboard $169.00 $143.65 

All Versions of Electric Penci l 15% off 

Problem Solver  All Products 15% off 

Vector Graphics 
All Products 15% off 

lmsai - All Products 15% off 

SUBJEC T TO AVA ILABLE Q UANTIT IES SH IPPING AND IN SURAN CE EXTRA . 

SH IPPING E..B.fi ON PREP A I 0 ORD ERS 


COMPUTER LAB OF NEW JERSEY 
141 ROUTE 46 


BUDD LAKE, NEW JERSEY 07828 

(201) 691-1984 


SURPLUS PRINTER FOR TRSBO * 
OKIDATA CP110 ' T.M. - RADIO SHACK 

LINE PRINTER 

BOARD. 

NO SOFTWARE OR HARDWARE CHANGES 

REQUIRED. JUST PLUG IN AND RUN! 


• 5x7 Impact Dot Matrix INCLUDES • Power Supply, Built in 
•BO Char/Line Selttest, Parallel Interlace. Line Bu1· 
• 64 Char ASCII (Upper Case) 1er and Cables. Housed in a three 
• 110Char/Sec. piece plastic cabinet with all con trol 
• 66 Lines/Min. electronics. Retail for over $1 ,100. 
• Accepts 8· 1I2" TTY PRINTER BRAND NEW NEVER USED 

Roll paper IN FACTORY SEALED CARTON. 
Operating Manual Included. SuppliesPRINTER $650.00 Lim/red 

INTERFACE: BUil T $100.00 Guaranteed to be in good working 

KIT $ 60.00 order at time ol delivery. 


INFOR & SCHEMATIC $ 5.00 
 Write 1or Interlace Info on Heath, 
Shipped Freight collect. Send check, Apple, lmsai, Sol, Northstar 

M.O.; i VIS4:1 • INTERNATIONAL ELECTRONICS 
EQUIPMENT CORP. 

P.O. Box 522542, Miami, Florida 33152 
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Hamming Error Correcting Code 


Michael Wimble 

6026 Underwood A v SW 

Cedar Rapids IA 52404 

One of the most frustrating aspects of 
computers is that they make errors. Large 
computers have amp le redunda ncy and error 
correcting har·dware to make these errors 
virtua lly nonexistent, but owner·s of smal ler 
computers must typically live with the 
problem. These errOl'S are not al l due to 
unreliable har·dware; they are also caused by 
noisy environments, line crossta lk, power 
fluctuations, thermal variations and so on . 
To meet these problems several techniques 
have been developed. One of them is called 
Hamming codes. 

The use of Hamming codes is analogous 
to the use of the common parity bit. A 
single par ity bit mere ly provides detection 
of single bit errors, however. In contrast, 
the Hamming code described herein cor
r·ects single bit errors and detects doub le 
bit errors. An ideal use for Hamming codes is 
in cassette recording where si ngle bit drop 
outs due to tape inconsistencies are common. 
Larger computers also use Hamming codes 
to detect and correct memory errors. 

Alas, as with al I real systems, you don't 
get something for nothing. To record eight 
bits of data without any error detection or 
correction scheme requires only eight bits 
of memory space. To use the common 
parity bit approach adds only one more bit 
of data: nine bits of memory space. But 
the Hamming code described here requ ires 
eight extra bits of rnemor-y space for every 
eight bits of data recorded. There ar·e other 
Hamming codes available which use con· 
siderably less extra memory space per data 
space, but th is one is particularly appro
priate for microcomputers and for cassette 
recording, the most frequent source of er-rors 
in a typica l hobbyist rn icrocomputer system. 

No attempt will be made to discuss the 
mathematics behind Hamming codes. The 
reader is referred to any good book on data 
transmission or error correcting codes for 
more information. 

Build ing the Hamming Code 

Building the Hamming code information 
is as simp le as a tab le lookup. Every byte 
(cigh L bits) of data is recorded a nybble 
(fou1· bits) at a time. Also, each group of 
four bits of data has four bits of Hamming 
data appended so that each byte of data to 
be recorded actual ly requ ires two bytes of 
storage. 

Recording a byte of data is straight
forward. Take the leftmost (most sign ificant) 
nybble of data and record the corresponding 
byte of data shown in table 1. Next take the 
rightmost or least significant nybb le of data 
and, again, record instead the corresponding 
byte from tab le 1. 

For example, to record the data byte, 
hexadecimal 1 F, perform the fol lowing: 

• 	 Extract the leftmost nybb le (hexa
decimal 01 ). 

• 	 Rep lace with corresponding byte from 
tab le 1 (hexadecima l El). 

• 	 Record the byte. 
• 	 Extract rightmost nybble (hexadecimal 

OF) 
• 	 Replace with corresponding byte from 

table 1 (hexadecimal FF) . 
• 	 Record the byte. 

Thus the single hexadecimal byte 1F is 
actual ly recorded as the two hexadecimal 
bytes El FF. If it is not already obvious, 
each byte in tab le 1 has the actua l data in 
its rightmost nybble and error correcting 
data in its leftmost nybble. 

Reco nstruct ing the Data 

We arc now ready to see how the Ham
ming code functions. As each byte of stored 
data is retrieved, with or without errors, 
four parity bits are constructed which give 
information as to the correctness of the 
retrieved byte. Using these parity bits, any 
required correctio ns are made to the re

180 Febru.iry 1979 @ BYTE Publica [ioru Inc 



Data Nybble Hamming Byte 

0 	 00 
1 	 E1 
2 	 72 
3 	 93 
4 	 84 
5 	 55 
6 	 C6 
7 	 27 

8 	 DB 
9 	 39 
A 	 AA 
8 	 48 
c 	 6C 
D 80 
E 1E 
F 	 FF 

Table 7: Table for transforming data nybbles 
into /-lamming code bytes for storage. 

trieved byte after which the origi nal nybble 
of data is extracted. 

Parity bit 4 (P4), the most significant 
parity bit, is simply the parity of the entire 
8 bit retrieved byte. If the 8 bit data wmd 
has an odd number of 1s, then P4 is set 
to 1. Similarly, if the 8 bit data word has an 
even number of 1s, P4 is set to 0 . To form 
parity bit 3 (P3), the 8 bit data word is first 
ANDed with hexadecimal 27 and the 8 bit 
pari ty of the result determines P3 just as P4 
was calculated. Likewise parity bit 2 (P2) is 
formed by ANDi ng the retrieved data 
word with hexadecimal 48; parity bit 1 (Pl), 
the least significant parity bit, is formed 
from ANDing the retrieved data word with 
hexadecimal 80. Table 2 shows a sample 
ca lculation of the par ity bits when hexa
decimal is retrieved. 

Error detection and correction is per
formed by detecting one of three cases: 

• 	 If all four pat'ity bits are 0, the re
trieved data word is cor-rect . The 
or·igin al ny bble of data is cmrectl y 
formed in the rightmost nybble of the 
retrieved data word. 

• 	 If P4 is 0 but one o r more of the 
parity bits Pl , P2, or P3 is not 0, th en 
a double bit error has occurred . The 
program should probab ly inform the 
operator and then halt. 

• 	 If P4 is not 0, a single bit error has 
occurred, which ca n be corrected . 

To correct single bit errors, a byte chosen 
from table 3 is exclusive-ORed with the 
retrieved data byte. Parity bits P3 , P2, and 
Pl (P3 is most significant and Pl is least 
significant) determine which byte to select 

Data Word AND Resul t Parity Bit 

01100111 01100111 P4 =1 
01100111 00100111 00100111 P3 =0 

01100111 01001011 01000011 P2 = 1 

01101111 10001101 00000101 P1 = 0 


Table 2: A sample calculation of parity bits for the binary data word 
01 100111 (hexadecimal 6 7). Since P4 is not 0, a single bit error has occurred, 
which can be detected (see text). 

P3 P2 P1 Error Correction Byte 

0 0 0 10 

0 0 1 80 

0 1 0 40 

0 1 1 08 

1 0 0 20 

1 0 1 04 

1 1 0 02 

1 1 1 01 


Table 3: Single bit error correction table. 

Case 1: No errors. 

Data AND Parity Comments 
E1 P4 = 0 All pari ty bits 0 implies no error. 
E1 27 P3 = 0 
E1 48 P2 = 0 
E1 SD P1 = 0 

Case 2 : Single bit error. 

Data AND Parity Comments 

E3 P4 = 1 P4 not 0 implies single bit 

E3 27 P3 = 1 correctable error. 

E3 48 P2 = 1 P3P2P1 - 110 

E3 8D P1 = 0 Corrector from table 3 = 02 


Data E3 
Excl usive 0 R 02 
Correct data E1 

Case 3: Single bit error. 

Data AND Parity Comments 

C1 P4 = 1 P4 not 0 implies single bit 
C1 27 P3 = 1 correctab le error. 
C1 48 P2 = 0 P3P2P1 = 100 
C1 8D P1 = 0 Corrector from table 3 =20 

Data C1 
Exclusive OR 20 
Correct data E1 

Case 4 : Double bit error. 

Data AND Parity Comments 
E2 P4 = 0 P4 equal to 0 and P3, P2 , or P1 
E2 27 P3 = 0 not 0 implies a double bit error . 
E2 48 P2 = O Note : data in P3, P2, and P1 for 
E2 8D P1 =1 a do uble bit er ror does not 

imply any informatio n abou t 
which bits are in error. 

from table 3. Table 4 demonstrates the cor Table 4: Examples of uses of the I-lamming code. For each case the transmitted 
rection and detection process for several information is hexadecimal El . When a 1 bit error is detected, the parity bits 
different cases. P3, P2, and Pl are used to look up a correcting factor from table 3. 
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Professi onal 
Equipment 

• 	 /.8() ,\ 'I'll , 321\ 
H/\ .\I and l' erSci 
H" du:tl drives . 

• 	 I ligh S\'e ,·d \i n,· printer ' . 
150 c:haracl crs pl'r s...·co nd . 

•	 Word process ing printer* wi th meta l 
pr i11 r wheel. 

• 	 Video te rminal with ctp:teitiw k,·\ ·i>o :trd . 
2+ x 80 displa~' · • c:Jioie,· of o ne. 

TEXT 2ooor 111 Word Processing CPA 200otm Business Accounting 
• True proportional spac ing • /\1xo unrs l~ eccivahlc 
• F u ll·screen rexc editing wich • Accounts Pavabh..· 

sin1pll.· comn1ands. • Ccncr:il 1.nll!er - (multi -co .) 
•	 Bidirectional , bo ld face. under  • User defined form :us for ha!. 

lining , cah, righ r and left justi  shct·c. in come sraccmcm. ·han 
ficatinn , ce nteri ng, auco. pag· gcs in financial position. 
inarion, n ame & address list. • lmcgra t cd t\/I{, .'\ / I', C/I .. 

Compkte program dcvclopmcnr sofcw:ire l\asi<.: , l'ortr:111 , 

( '.obo l, 1':1st.:a l, nliH.:ro-asst:n1bkr, lkhuggcr - availabk·. 

INFO 2000 Business Sysceni. compkt e w ith TEXT 2000 and 

CP/\ 2000 software, can be purchast·d for less than $ 13 ,000 . 

90-dav warrant v w it h svstcm. l'xccndnl warram\" avai lable. Write 

for complccc . i11forn1a.ti on packer. Dt·alcr i1ll.1uirics welcome. 
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Conclusion 

Th e algor-ithm described here has been 
program med on several different micro
computers. Not many bytes of program are 
actually needed and the benefits are grea t. 
One need only read a large program from 
tape into main memo ry several t im es to 
reali ze the utility of the approach. If you 1· 
current read in software informs you of 
any errors encountered, yo u probably must 
sti ll find the errors and correct them , as
suming you even know what the correct 
data should be. 

Hamming codes can be extended to co r·
r·ec t doub le bit errors, or to perform any 
practica l /1 bit detecti on and m bit cor
rection, but the ext1·a mem ory costs can 
cl irnb fast. Also it is ve ry easy to build 
a hardware Hamming generato r an d de
tec to1· usi ng on ly a few discrete integrated 
circuits . 

The Hamming code described here is 
both practical and valuable. Manufac turers 
should serious ly consider incorporating thi s 
technique in hardware. The cassette enthu
siast shou ld incorporate this techniqu e in 
any standardization or interchange effo rt. 
Even the everyday exper imenter will find 
that the hour spent progr·amming the algo
rithm wil l save many hours of frust rat ion 

COMPARE 
THESE 
UNIQUE FEATURES: 
• l' t'rS<·i llu:1 I Disk l>r i Vl"S 

• hill 'i ' '" 8 " flopp~' diskettes. 

• $ hundreds less t\13n com parahlc 
.S~ ' "ll' ll lS . 

• tntt"! ligt"lll controller hoards for each 
ryp t· of bus increases compucer capabi lit ies. 

• 1\ d ditio 11al 1/ 0 po ns and d rivn s . 
• cl' / ,\\ • Disk Opl" rat ing S\'ste m . 
• Vo ice-ni il pos itionini: H t imes faster than ochers . 

• t B,\\ 37+0 rn mpatihle. 

• Takl"s less than 1/ 2 the space of otht'l"s. 
• ind11des c:ihint·t , power su p ply. fan and cables. 

•	 Factory assemhled and • Exh.:nsivc :-; oflw:trl· 
tes ted for immeJ iarc lib rar y avai lahlcc 

Basit:. Fo rt ra n, Cnhol, 
Pasc.:al. 1n:u.:ru-a~s1.·n1 -

blcr , dt'bug;:er. 

•	 Backed by 90-day 
warr:1ncy. 

Writ e for comple te informa· 
rion pa~kcr . Dea ler inquiries 

wekon1e. 

*Tnrdc11rnr/.; of' 
Digita l l<.:scard> 

INFl!lll 
CORPORATION 

(213) 532-1702 
20620 S.Leapwood Ave. Carson. California 90746 
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Get Down to Business 

Fundamentals ofPi'U~it 

How to Profit From Recordkeeping and ~(;:- your Personal Finance for the SmallUp your OWN 
Computer BusinessOrganization! 

by Ted G Lewis by Robert C Ragan, by Donald M D ible 
CPA, 

and Jack Zwick, Ph .D 

_If you want to use your personal com
puter in a profi table manner, and you need -Once you have your organization or 
some help planning programming techniques _ A great handbook on how to start and business up and running, records must be 
this book is for you. It contains suggestions finance a new business, this is the most kept . What should I keep, and how do I 
for accounting, payroll handl ing, inventory comprehensive reference we 've seen on the record them? This book on fundamentals 
management, and sorting mailing lists. Many subject. For the programmer-consultant or will give you a helpful start. Section one 
terms and notations are explained . Sample the basement homebrewer-turned-entrepre deals with maintaining records, protecting 
programs in BASIC, the use of blueprints neur, this is your book. It is recommended assets, and providing a basis for planning. 
to design program structure, and a f ul I in the Bank of America Small Business Section two provides a starting point for 
glossary of terms are a few of this book's Reporter and Changing Times magazines . owner-managers wanting to sharpen their fi 
special features. 191 pp . $7.95. nancial management skills. 196 pp . $10.00.372 pp. Available for $14.95 in hardcover. 

Accounts Payable
BASIC with Business and 

Applications Accounts Receivable 

by Richard W Lott by Lon Poole 

and 


Mary Borchers 


_ on the BASIC lan
remarks, descriptions, discussion of the guage and its app I icati on to speci fie business 
principles of each program, file layouts, problems. The book is divided into two -This is a set of 21 programs which 
and a complete user's manual with step-by  sections. Part one introduces the BASIC constitute an invoice-linked accounts pay
step instructions, f lowcharts and sample language and the concept of logica l flow able and a low-volume invoice accounts 
reports with CRT displays. All 35 programs charting. Part two presents problems and receivable system for small businesses. 
are wri tten In the widely used computer possible solutions. Topics include: interest It is the third in Osborne & Associates' 
language BASIC, and work together to pro rate calculation, break~ven analysis, loan ser ies of BASIC business programs and 
duce a payrol l , right down to the printing rates, and depreciation. Exercises at the end w i l l be complemented by the soon to 
of paychecks and maintaining of employee of each chapter give a greater understanding be published General Ledger . 318 pp. 
records. $15.00. of BASIC by actual programming. $10.50. $15.00 . 

Charging for 
WRITINGComputer Services ,IT WORK: 
DOs. DON'Ts, An Introduction toand Writing at Work : Do'sHOWTOsby D Bernard, Personal and Busi 

Don't's, and How To'sJC Emery, ness Computing 
• R L Nolan, and - by Ernst Jacobi 

_,. ...l..·-·· R H Scott by Rodnay Zaks ·
_ This book is wri tten for managers who 
mu st deal w ith service charges. This book 
provides the manager with principles and _This is not a grammar or usage text. The 
guidelines for a better understanding of the goal of this informative book is " to turn -A practical and comprehensive intro 
charge problem. The book provides general writers into communicators." Addressed to duction to concepts, peripherals and tech
design principles along with speci fic sug the educated business or professional person niques . The author expla ins available 
gestions to deal with speci fic problem areas . who can write adequately, this guide is full computers today and warns of the pit 
Charging for Computer Services is a neces of pract ical advice that wil l help you make fal ls for the businessperson in choosing 
sary book for the manager making decisions your writing enjoyable, effective, and suc and implementi ng a system. An invaluable 
in this vital area. 120 pp . $10.00, hardcover . cessful. 198 pp. $7.95. information sourcebookl 245 pp . $6 .95. 

"''<X 11o·1r., ,... , ..r, , .,,., 
I•••,. 

Payroll With Cost 
Accounting in BASIC 

by Lon Poole 
and 

Mary Borchers 

_This book focusesThis book includes program listings w ith 

For your convenience in ordering, please use this page plus the order form on page 161 . You may

m11s· Th~hMt~;~~;;~;;;·e:;k;;;;e 

25 Route 101 West, Peterborough, NH 03458 
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Free TRS-80 Newsletter 

The TRS-80 Club of Ar lington MA is 
offering a free semiannual newsle tter. 
For a copy, send a SASE to TRS-80 
Newslette r, 96 Dothan St, Arlington MA 
02174. 

User Group for TRS-80 Ow11ers 
North of San Francisco 

A T RS-80 user group has been 
formed nonh of San Francisco. Cal led 
rile Redwood Empire TRS -80 Users 
Group, it is handy for owners in Sono
ma, Marin, Lake, and Mendodno coun· 
ties. Anyone is welcome regardless of 

whether or not they own a TRS-80. 
Contact john Revelle, 7136 Belita Av, 
Rohnert Park CA 94928. 

New Computer Club Formed in Greene 
County MO 

A group of smal l computer users 
met in October ·1978 for the purpose of 
organidng a computer club within the 
greater Gree ne County MO area. Two 
user groups were formed and rl1c dcci· 
sion was made that separate use rs groups 
would be formed representing computers 
which have four or more users. The 
existing user groups are IBM 5110/5100 
and Radio Shack T RS-80. The dues arc 

$12 a year, which includes a newsletter. 
Anyo ne in the Ozarks area interested in 
the club or in one of the user grou ps 
shou ld contact Andrew Griffin, 2145 W 
Central Av, Springfield MO 65802, (417) 
866-2447 . 

The Liberated Calculator Users Club 

A number of the readers of the news· 
letter Colculotor Lib (see "Clubs and 
Newsletters," January 1978 BYTE , page 
141) have organized The Liberated Cal
culator Users Club, an independent 
group of calculator users dedicated to 
exp loring the limits of the sta te of the 
art in calculator mathematics. Their 
goal is to profit mutually from members' 
knowledge of calcu lators and re lated 
fie lds and create a forum that allows 
club members to meet and identify 
with each others' interests. Contact Gene 
Hegedus, POB 2151, Oxnard CA 93034. 

ACG-NJ News 

The Amateu r Computer Group of 
New Jersey continues to publish the 
impressive A CG-NJ News. This 20 page 
monthly publication is packed fu ll of 
informative articles, club news, inte r
esting tidbits about the computer indus
try, and much more. Membership to 
ACG-N J is $15 a year {US and Canada ) 
and $12 (foreign). Contact ACG-NJ. 
UCTI, 1776 Raritan Rd, Scotch Plains 
N) 07076. 

Microware Produ cts Users Group 

A users group for Microware pro
ducts, which inc lude the RT68 multi
tasking mon itor an d the ABASIC com
piler, has recent ly been formed. The 
name of the newsletter is Microwore 
Forum . The first issue contains adapta
tions of the compiler to video terminals, 
printers and the SwTPC calcu lator card . 
A year's subscript ion is $1 0. Con tact 
Microware Fon11n, POB 3630, Minnea
polis MN 55403. 

New TRS-80 Publication 

The BO-North west journal is a new 
publi cation devoted entire ly to the TRS· 
80 computer. The journal features com · 
plete BASIC and machine language pro· 
gram listings. It covers the entire spec· 
trurn of TRS-80 capabi lity, includ ing 
programs and articles on business, audio· 
visual and scientific applications, and 
games. Currently it is running a series 
on machine language programming for 
beginners. Hardware features and pro
duct reviews are also included. The 80
North west journal is publish cd bi· 
month ly by 80-Northwest Publishing, 
POB 7112, Tacoma WA 98407. The 
SLl bscription price is $16 per year. 

Po I y-88 Users Group Expands Services 

The Poly-88 Users Group has an
nounced expansion of services to Poly· 
Morphic 8813/8810 disk system owners. 
Most of the current lib rary of programs 
for the Poly-88 wi ll be avai lab le on a 
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basis similar to the cassette vers ions. 
Members may contribute a new program 
In excha nge for a program from the 
library or cred it for a future cho ice. 
Members may also req uest programs for 
$2.50 each for handling and sh ippi ng 
on a furnis hed disk . O ptionally, the 
users group wi ll also provide th e b lank 
disk for $3. The membersh ip fee is $5 
(US, Canada and Mexico). $15 fo reign 
and includes 12 issues of th e newsletter 
wh ich is published every two or four 
months depending on the number of 
additions to the library and general news 
of interest to Poly owners. Con tac t 
Poly-88 Users Group, 1477 Bar ri ngton 
# 17, Los Angeles CA 90025 . 

Atlanta Computer Society 

The Atlanta Area Microcomputer 
Hobbyist Club has changed its name to 
the Atlan ta Com puter Socie ty. Meet ings 
are held the last Wednesday of each 
month at 7:30 PM. The mee tin g location 
is the Community Room of Deca tur 
Federal Savings and Loan Association , 
Dunwoody Bra nch, 1630 Mount Vernon 
Rd, Dun woody GA. Vis itors a re wel
come. Fo r more information, write ACS, 
POB 88771, Atlanta GA 30338. 

Attention: New York City TRS-80 
Owners 

We have been notified of the exis
tence o f a T RS -80 use rs group in New 
York City. Called the Met ro TRS-80 
Use rs Group , they meet th e second Wed
nesday of every month at the Bever ly 
East Bridge Club, Beve rl y Ho tel (thi rd 
floor), 125 E 50th St , New York NY. 
Th e meeting time is 6 PM and th ere is a 
$1 adm iss ion fee. 

Newsletter for RCA VIP O wners 

The V/PE R is an indepe nden t user 
newslet ter dedicated to th e RCA COS
MAC VIP. The $15 subscript ion price 
includes ten issues of volume 1. The firs t 
three issues con tai n articles revealing the 
machine language code for CHIP-8 (the 
VI P 's user language). an an nota ted listing 
of the opera t ing system and the first in a 
series of articles describing a text editor 
for the VIP. Contact The VIPER, POB 
43, Audubon PA 19407. 

Toronto Region Association of 
Computer Enthusiasts 

TRACE is the monthly newslette r of 
the Toron to Region Associatio n o f Com
puter Enthusiasts (TRACE). POB 545, 
Streetsville, Ontario CANADA LSM 2C1. 
Membership in the associ ation is open 
and dues are $15 per year, which in
cludes the newsl etter and admission to 
all meetings. Th e newslette r is availab le 
separately for $7 per year. The associ
ation has two meet ings each month; one 
at the Ontario Science Ctr, 770 Don 
Mills Rd , Toronto at 2 PM on th e second 
Sunday of the month; and the other a t 
Humber College, Rexdale , at 7:30 PM on 
the fourth F riday o f each month in 
room ]209.• 

SOFTWARE 

ENGINEERS 


Fischer & Porter. an expanding leader in the commercial 
process control industry. has several key positions avail
able for talented soltware professionals to develop ad 
vanced digital systems with the assistance of modern 
software technology such as: 

• 	 An Interactive, UNIX* based computer 
network 

• 	 High Level System Implementation 
Languages-PASCAL, C, FORTRAN 

• 	 Structured Analysis , Design and 

Programming 


• 	 A Virtual Target Machine 
Environment-PDP-11, LSl-11, 8080 

To qualify you should have a technica l degree. preferably 
advanced . with experience in one of t he following areas: 

• Distributed System Architecture 
• Portable Operating Systems 
• Interactive Graphics 
• Compiler Design 
• Data Base System Design 
• 	 Sokware Tools 

We can offer you an excellent salary. a complete benefit 
package. a highly professional environment and an oppor
tunity for technical career enrichment. 

Our modern systems center is surrounded by a number of 
attractive communities offering excellent schools, shop 
ping and cultural activities. plus the advantage of nationally 
known resort areas such as the Pocono Mtns. and the 
New Jersey seashore. al l w ithin a convenient drive. 

To apply for one of these positions. 
or for further information: 

Call Collect 

1215) 674-6022 


Any Time Day or Night 


or send your resume to Mr. Tom Haines. Department CBl . 
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Mark l<lein 
Sanborn Regional School District 

K ingston NH 03848 

A computer's power corn es frorn severa l 
sou r·ces, including its speed, memory, and 
the logic capabi lity or its software and hard
ware. Th is <ll"ticlc is about compu Ler mcmor·y 
- in panicular, it describes files, the or·gan
izational structures compule r·s use to manage 
in formation on secondary memory devices 
like disks and casse ttes. What kinds or infor
mation arc kept in fil es, how diffc r·cnt 
devices store files, how programs use fil es, 
and how ope r·ating systems manipu late files 
ar·e subjects th at wil l be covered in this 
2 part artic le. 

Files on Parade 
Part 1: Types of Files 

Since U1e subjects apply to all compute r· 
systems and are largely the same rrom one 
computer system to another, the materi al 
is pr·esentcd in genera l Lern1s. In fact, it 
is the generality of the concept of fi lcs and 
fi le techn iques that makes them so powerfu l 
and so much fun to use . But specific ex
amp les he lp us learn, so scattered thro ugh
out the article are descriptions of how the 
concepts are implemented on the th r·ee 
computer·s I use regu larly : 

• 	 A microcomputer (TDL Xitan 2, with 
audio cassette and dual PerSci floppy 
disk drives, at Sanborn Regional High 
School. 

• 	 A 111 inicompu ter (DEC PDP-11 /10 
with dua l digita l casselles and 2.5 
megabyte hard disk drive, also at 
Sanborn Regional). 

• 	 A big midicomputer (DECsystem-10 
with l megaword of main memory and 
all the trimmings, at the Univcr-sity of 
New Hampshire). 

Th e microcomputer· needs no ju stification. 
The min icomputcr is i ntcresting because its 
RT- ·11 operating system and Multiuser 
BASIC are the same systems DEC uses fm 

its LS 1-11 based PDP-11 /V03 with floppy 
disks. The LSl-11 of course is the hcan 
of the Heathkit I-Ill system. The DEC-10 
is included because its big system features 
arc appea r·ing on the newer microcomputers. 

What's in a File? 

Anything can be kept in a file . That's 
1·cason number one for the importance of 
files. Th ere are severa l ways to or·ganize 
fi les, and one of the simplest ways is to 
separate them in to program files and data 
files. Program files cou ld include a BASIC 
game or business payroll program , a 
FORTRAN compiler, an assemble r-, a text 
editor, a debugging tool - in short, anyth in g 
from higher leve l I anguage application pro
grams to system software. 

Programs with littl e data hand ling often 
keep the data right in the program (us ing, 
for examp le, the READ and DATA state
ments in BASIC), but the mor·c powc r·ful 
and versatile technique is to store the infor
mation in data fi les. In that way severa l pro
gr·a ms can access the same data by ca l I ing 
that data fi le, or one analysis program can 
cal I in sever-a l di ffe1·e n t data fi lcs. A simple 
exa mp le of the latter type might be a payro ll 
program that works on th e data file contain
ing thi s week's time clock reco r·ds today, and 
next week uses a similar data file containing 
emp loyee work records fo r· that wee k. Th e 
data in these fi les cou ld be str·ings or integers 
or· floating point numbe r·s. 

Sometimes the distinction between pro
gr·am files and data riles becomes bluHed. 
Using a softwar-e too l such as a texL editor 
we cou ld produce the source li sting For an 
assembly language program. In the se nse 
that this li sting is an outp ut file from th e 
text ed itor· and is destined to be an input 
ri le for another Looi, the assembler , it is 
cc r·tai nly a data file. However, it is most 
often cal led a source program because even
tu ally, afte r· we feed it th rough a few more 
prog1·ams (called lin kers, loaders, and de
buggers), we do rnn it as a program. (For a 
b1·icf but clear desc r·i ption of the functions 
of these software too ls, see "Beyond BAS IC" 
by Alan B Salisbury in Novembe r-December 
1976 Creative Computing, page 28.) 

ASCII versus Binary Files 

A diffe r·ent way to organize information 
is by th e kind o Fcharacters used to encode 
the information in the fi le: ASCII o r· bin ary. 
The fu II ASCII character set includes the 
digits 0 thru 9; upper and lower case letters; 
special symbols like par·en theses, comm a, 
and semicolo n; and control cha r·actc r·s Iikc 
carr iage r·eturn, record separato r·( RS} , end of 
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file(EOF), and start of header(SOH ). Binary 
en coding means that on ly logical 1 s and Os 
are used . Exewtable objec t prngrams are 
commonly kept in binary fi les. 

Wh en a so ft wai-e supplier wants to keep 
th e inner workings of one of its products a 
secret, that pi ece of software is suppl ied as 
an object program, typically in binary. A 
listi ng of th e sources in some higher language 
is often ava il able but at addi tional cost. 
Thus our Multiuser BASIC fro m DEC was 
delivered as a binary fi le. For other binary 
fi les in our syste ms, we might also have the 
source Ii stings in ASCII fil es. In this category 
a1·e FORTRAN or assembly language pro
gra ms that were fe d into assembl ers or com
pil ers to produce the binary fi les. Both 
progra ms and data can be encoded in binary 
fi les, as shown in tabl e 1. 

Many ki nd s of programs an d data arc 
sto1·ed as ASCI I fi les, including text files 
fo r· word process in g programs, BASIC 
ap plication programs, assembl y source files, 
and mai ling li sts . ASCII files often use o nl y 
a subse t of the characters in th e fu ll 128 
cha1·acter set. Common subsets arc the 64 
character set with only upper ca c charac
ters, th e Radix 50 set, and the ASC II hex
adecimal set (O, 1,. . .,9,A, B,. . .,F), among 
others. The fl oppy disk handler program 
on our microcomputer fo r example is 
stored in ASCII hexadecimal format. 
Listing 1, produced with the TDL Zapple 
monitor's S command, shows the part of thi s 
file which was loaded into memory begin
ning at hexadecimal F900. 

The bes t way to access a fi le depends on 
whether th e whole file or just part of it is 
needed . Wh en loading a higher level language 
app lication program fro m disk into mem ory 
the whole fi le is required in memory in 
se ri al order. But when updating an ite m in a 
data base, one usually wants to address one 
or two bytes withi n a reco rd . Between th ese 
two extremes are appl ica tions in which a 
program ca ll s one or more records fro m a 
fi le, such as an assembl er process ing a 
source file, reading a sta tement at a time 
from the inpu t fi le. Each of these ap plica
tions has an access lype, sequent ial or 
random, for \vhich is it best sui ted. 

Advantages of Random Access 

Before choosing an access ty pe fo r a file , 
one should unde rstand the difference be
tween them , as summarized in table 2. The 
firs t two rows point out a major difference : 

Table 7: Examples of information types used in files. 

ASCII Binary 

Program 

assembly language 
source I ist i ng 

BASI C applicat ion 
program 

the Multiuser 
BASIC interpreter 

object modules 
from assem bler 

Data ma iling list v i rtual arrays 

Types of File Access 

As we have seen , there are many ways to 
characterize fi les . The most illuminating way, 
and for the programmer the most important 
way, is in terms of how a fi le is accessed, 
eith er sequentia lly or randomly . A typical 
file is composed of header or label, data 
items, and an end of file mar k. These com 
ponents are contained in subdivisio ns of the 
f ile called records or blocks. (See " Funda
mentals of Sequential File Process ing," 
October 1977 BYTE , page 11 4, for a fu ll 
description of one kind of sequential file.) 

'I I' '/~fl ) l•!( . t: l :~r CO - L..! - 13 r •1'-"
I i;oH LL• At I 'I - C[l - 7 () - F•?- 3E 0 4 
f '/ 10 LT• 81. r·; CI•- 7A- I?· HA - IF 
l" JJ l'I I 'l C l• 4 9 FA· l:J 1.1 · I S' - FE 
I •:• :10 0 4 rr'.\ 11: f () 11 ()) t:r. :1 1 
I v:11;1 I I/ H o:. t:A ·1L - t::I I .'. l ~ li' 

I 'I I <} I'/ :~ ~ -· (\I) rY (JI ()9 I.I•r '' 
F 9 .IH / A 1· 9 . [•A 4 ? - r•; - 17 .. :.! .~ - r:i 
I· •; 4 () J / ,., I ~. ~~ 2:.1 AC Fe-/ 1·1· 
I '" '1 0 0 '1 

Listing 7: ASCII hexadecimal format file 
generated by using the TDL Zapple monitor. 

Table 2: Comparison of sequential versus random access files. 

e ~e Sequential Random 
c 

f ile contents 
accessible in yes yes 
sequential order 

file contents 
accessible in 
random order 

no yes 

speed of access to 
a particular record 

slower faster 

file size variable - can change usually fixed at 
with each update time o f creation 

method of 
creation 

under applicat ion 
program control, or 
using a text editor 

usually under 
application pro
gram control 

method of 
update 

must rewrite the 
whole file 

individua l elements 
can be changed 

amount of data 
transferable as 
a un it 

byte, record , sector 
or file 

byte or sector 
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to get to an item in a sequentia l file, the user 
must first read al l the preceding items (rec
ords, sector , blocks, or bytes). In a random 
access file, individ ual bytes can be direc tl y 
addressed because information within the 
file is usually segmented or delimited by a 
number of bytes. A sequential fi le might 
use 1·ecord separators or end of file marks 
as delimiters, with a correspondingly larger 
lower limit on the size of the rnallest 
amount of information transferred . 

The same applies wh en a file is updated. 
The entire seq uential fi le mu st be rewritten 
to change one byte, while ind ivid ual items 
can be changed in a random access fi le 
with out rewriting the whole file. These 
differences acco unt for the faster speed of 
access to any given byte in a random access 
file, since the preceding bytes do not have 
to be read first. The last byte in such a 
fi le can be read just as quick ly as the first. 

These distinct ions make clear why ran
dom access files are chosen for data base 
app lications. However, when moving a whole 
fi le at once (for example, saving an app lica
tion program that current ly is in main mem
ory on disk), these differences disappear 
because the transfer is do ne sequentially as 
a continuous stream of data bytes. This type 
of transfer is commonly called stream 10. 

Virtual Arrays 

The shorter access times of random access 
files are utilized on some systems (for ex
ample, DEC's RT-1 ·1 and Multiuser BASIC) 
to provide a virtual array facility. Instead of 
moving a data structure into pr imary mem
ory and then operating on it, the data 
structure is stored in a random access file. 
Whenever the user's program wants to oper
ate on a piece of the data, the system fetches 
that piece from the fi le, letting the user pre
tend tha t the piece of data is already in 
primary memory . The jargon phrase for 
"letting the user pretend" is "making the 
data fetch transparent" to the user. 

The reason for having virtua l array capa
bi lity is th at app lication programs ca n use 
virtua l arrays to hand le data structures too 
large to fi t into primary memory. Large 
arrays can be stored on the disk, with only a 
portion of the file in primary memory at 
one time. Since vi rtual arrays (containing 
string or num erical data) are usually sto red 
as unformatted binary data, 10 conversions 
can be eliminated during storage and re
trieval. This means no loss of prec ision, nor 
t ime wasted doing conversions. 

The most visible diffe rence between a 
real array and a virtual array is the time 
needed to access a part ic ular array element 
as a function of where that element is in the 

array (its referencing order). For real arrays, 
access time is independent of referencing 
order; for very large virtual arrays, refer
encing order could noticeably affect pro
gram execution time . Knowing the algorithm 
used by the virtual array processor to search 
the random access files can help optimize 
the user's program, but any execution time 
differences are a small price to pay for the 
ability to handle the data in the first place. 

Sequential Access 

All the advantages do not I ie with random 
access fi les . The need to update the whole 
sequential fi le at update time carries it with 
some built-in flexibility. The size of the file 
can expand or contract to match the size of 
the fi le contents. Random access file size is 
usually fixed at the time of creation. If the 
random access fi le is used to handle, say, a 
data base, a guess must be made at creation 
time as to the maximum number of items in 
the data base. If th e guess is far too big, a 
lot of the storage device where the file re
sides may be tied up unnecessari ly, with 
large blocks reserved for data that never 
appea rs. If the guess is too small and data 
threatens to overflow the fixed file space 
allocated to it, a programmer will have to 
create a new file, with larger file size param 
ete rs, and then transfer the data from the 
old file to the new one. Foresight and good 
system design can avoid both extremes, but 
it is easier said than done. 

Sequential files can also be more con
venient to create, since there are often more 
ways to do so than for random access fi les. 
For example, data is usuall y entered into a 
random access data base under the control 
of an application program. This program 
cal ls for the data at some input port and 
transfers it to the file. The flexibility of this 
process and the opportunity for error cor
rection and verification depend on the flex
ibili ty of the appl ication program . 

This same method is also used for sequen
tial files, but there are other ways, too. 
Several kinds of sequential files, both pro
gram and data, can be created using the 
system's text edi tor with its generally power
ful editing capability. In some cases, for 
instance in the DECsystem lO's BASIC, 
some sequential files are directly I istab le 
at the user's terminal without having to 
write a program that calls the file in to main 
memory and then prints it out piece by 
piece. These direct ly listable sequential 
files can then be edited easily using com
mands that de lete or change I ines. 

The capability for direct listing is related 
to how the information is stored . Binary 
characters, used for virtual arrays, are usu
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TRS-80 USERS: 
Make 

Two Bits 

Perform 


Like 16K. 

If you missed the first 
two issues of SoftSide, '==========":=1 you missed: 

Cribbage A 16K you vs . computer game that's 
hard to beat. Calculator Just what it says . End 
Zone A 2-player 16K football game, from coin 
toss to 2-minute warning . Pillbox Computerized 
artillery for 2 players. Shopping List An aid for 
consumers Plus , Troll's Gold, Octal to Hexa
decimal Converter, Death Star and much more ! 
A 1-year subscription 
will bring you about 
si xty top quality pro 
grams for $15.00 - or 
about 25 cents apiece. 
Think about it ... how 
else can you get so 
many K bytes of pro
gramming out of two 
bits! 

1 Year Subscription-$15 
Check , money order or 
charge to Vi SA or Master 
Charge (send full address , 
signature, card numbers, 
exp . date with order. or 
telephone 603-673-5144) to : 

SoftSide Subscriptions 
PO Box 68 

Milford, NH 03055 

TRS-80 LEVEL I D D S 

RENUMBER WITH 'REMODEL"· MERGE WITH 'PROLOAO" ·····- ······ ··· ·· ········· 
REnumber any section or aneii'iire program . 
MOve program segments. OELete program lines. 
All line references readjusted as required . 
COMBINE programs with renumber and merge. 
LOAD or SAVE any portion of program from 1ape. 

GENERAL SUBROUTINE FACILITIES ·GSF" ····· ········· ······· ···· ···· .... ......... · · · 
""""CiiiieC'iion of fast easy-to-use machine language roulines . 

IN-MEMORY SORT with multiple variables and keys . 
ARRAY read/write 10 tape. compress/uncompress/move dala . 
SCREEN scrolling , save screen displays. and more ........... ...... .. ........ . 

~SORT PROGRAM 'OSP' ... .. ....... ....... .. ..... ................ · .............. .. . .. 

SORT/MERGE mulli·diskelle files. Fast and easy lo use . 
MULTIPLE variables and keys. User input/output sort exits. 
Includes GSF machine language in-memory sorl. elc . 32 or 48K. 

COPY SYSTEM TAPES WITH 'COPSYS' ········ ··· ··· ···· ............. . 
--COPY and VERIFY machine language ob1ect lapes. 

MERGE objecl tapes to form single load module. 

MICROCOMPUTER CASSETTES ·c-20-s· .. ..... . ' ............. '. 

SPECIAL formulation optimized for microcomputers. 
Extremely broad FREOUENCY response. Clean recordings . 
Exceptional DENSITY characteristics . Broad range. 
CONSISTENCY in recording charactenslics . 
TOP QUALITY shells · liners and l ive-screw conslruchon. 

REMODEL Order TS210 at S24 .95 
REMODEL + PROLOAO Order TS220 at S34.95 
GENERAL SUBROUTINE FACILITIES Order TS250 at S24 .95 
DISK SORT PROGRAM Order TS260 at S34 . 9~ 

Must specify 16. 32. or 48K on above . System house discounts. 
COPSYS (Not DOS) Urder fS240 at S14 .95 
For TAPES that TEST best Order 10 ea at S14.95 

Check . VISA . MIC. C.0.0. ~ RACET COMPUTES~ Caht. res1den1s add 6 '·., 
702 Palmdale, Orange CA 92665 714 637 ·5016 

READY·TO·RUN SOFTWARE 
TRS·BO • NORTH STAR• APPLE 

INTEGRATED BUSINESS SYSTEM $175 .00 
A/P: AIR: Gen Led; Pay; Bus Stat; Letter Writer. Comes 
"Ready·to-Run"' with easy-to-follow ins truc tions. Req uires 
2 disc drives. Specify: TRS-80, NORTH STAR. or APPLE II 
(must have Applesofl). 

TUTORIALS $40.00 
Computer Aided Instruc tion. teaches the idiosyncracies of 
your version of disk basic. Specify: TRS-80. NORTH STAR, 
APPLE II (Applesoft). 

HOMEMAKER I $50.00 
Includes: Appointment Minder, Shopping List . Menu 
Planner. Diet Planner. Specify: TRS·80, NORTH STAR, 
APPL E II. 

EDUCATOR I $50.00 
Includes: Math Tutor, Grading System, Hangmath. 
Spelling, IQ Test. Games. Specify: TRS·80, NORTH STAR, 
APPLE II. 

WORD PROCESSOR $35.00 

Comes comple te with simple. easy-to·follow instructions. 

ALL SOFlWARE PACKAGES ARE WRITIEN IN BASIC ON 


DtSKETIE ONLY 

Send for Free Catalog 


Packages containing Program Listings only are avai lable. 


22 START-AT-HOME 
COMPUTER BUSINESSES 
In "The Datasearch Gulde to Low Capltal, 
Startup Computer Bu1lne11e1" 
CONSULTING •PROGRAMMING• SOFTWARE PACKAGES 
•COM• FREELANCE WRITING• SEMINARS• TAPE/DISC 
CLEANING • FIELD SERVICE • SYSTEMS HOUSES • 
LEASING • SUPPLIES • PUBLISHING •TIME BROKERS • 
HARDWARE DISTRIBUTORS • SALES AGENCIES • 
HEADHUNTING • TEMPORARY SERVICES • USED 
COMPUTERS • FINDER'S FEES • SCRAP COMPONENTS • 
COMPUTER PRODUCTS AND SERVICES FOR THE HOME. 
Plus - Loads of Ideas on moonlighting, 
going lull-time, Image building, revenue 
building, bidding, contracts, marketing, 
professionalism, and more. No career 
planning tool like it . Order now. If not 
completely satisfied, return within 30 
days for full immediate refund. 

• 81'> x 11 ringbound • 156 pp. • $20.00 

Phone Orders 901-382-0172 

DATASEARCH 
lncorporaled 

r .. ......,_. 

----~ •. · 
' 

/ • .f• ' 

5694 Shelby Oaks Dr., Suite 105. Dept. e. Memphis, TN 38134 

Rush __copies of "Low Capital Startup Computer Businesses"' at $20 
per copy to me right away. 

NAME/COMPANY ------------- ADDRESS ________________ 

CITY/STATE/ZIP ------------- 

0 Check Enclosed D Bankamerlcard D Master Charge 
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all y tran smitted through a paralle l 10 port 
interface such as might connect a floppy 
disk un it to th e processor board. However, 
most terminals are connected by a seria l 
interface and hand le ASCI I char·acters. 

Input and Outpu t Modes 

Another file characteristic that sorts 
according to file access type is the need for 
file mod e, either input (read) mod e or· out 
put (write) mode. When a program needs to 
access a sequential fi le, that fi le must first 
be placed in the appropriate mode. Setting 
or resetting the mode moves the data pointer 
to the beginning of the fi le so that the access 
can be sequential from th e start of th e file. 

Usu ally random access files do not distin · 
guish between input and output mode; a 
data po inter is merely set to the point of 
access. In practice, the necessity to set th e 
mode fo r sequential fil es is on ly a minor 
inconve nience. 

Other differences between sequential and 
ra ndom access fi les may exist under particu
lar languages or operating systems. These 
differences can be very important locally 
as software producers add extensions to 
standard languages to gain a competitive 
edge (see table 3 for one manufactu rer's 
fi le management system) . The programmer's 
job is sti ll to choose the file access category 
that best fits the program being designed. 

Devices That Hold Files 

Access 
Method 

Storage and 
Retrieval Delimiter 

Access 
Type 

Stream as a continuous 
stream of data bytes 

next 
file name 

sequential 

Punctuated as a sequence of 
variable le ngth records 

ASCII 
RS 

character 

sequential 

Relative as byte addressab le 
random access memory 

number of 
bytes 

random or 
sequentia l 

Direct as specific sectors 
on specific tracks 

sector 
number 

random or 
sequential 

Table 3: Various file access methods used by the PerSci f7oppy dis/~ operating 
system. 

(a) k 
*0*1 1 
F ILES 08-09 09 771219 
fEXTFT<OC. Tl•L 01-01 0023 00~2 064 771 19 7712 1 'I 
IHGRUHF" . rnL 01 -24 007 4 0073 033 771 19 771219 
Bl\S JC. 1111 04 - :'0 0065 006 4 001 771 19 771219 
f:l•ll'.tdl 07 - 0"/ 00"3 0022 001 71 1 19 771 2 19 
lOl•kTVFR.EEN 0 8 - () 4 •)O O:, 0004 0 51 7ll 19 7712 1Y 

(b) 

, f< F"IF' 
U, HF'K/L/C/W 

l 9-[•EC-77 

TESFIL .HF"K 1 19-DEC-77 732 1 

TALK 2 ,Hf"K 7 19-DEC-77 7322 

LE VEL2.HPK S 19- DEC -77 733 1 

FIL AR T. HPK 12 19 - DEC - 77 7336 

4 FILES • 25 BLOCKS 

1323 FREE BLOCKS 


* 
(c) DIRECT 

ost-.c: [2000.10146) 

F'BOOT STC 10 <057> 23- Nov-77 

HART APL 1 2 <'. 057> 26 - Jul-77 

SWITCH !N I I <OSS> 13- Nov ·-77 

F'FAH TXT 14 ( 05 7 > 17- Nov - 77 

EE N APL 39 <OSS> 19- J ul - 7 7 

HARlLO ADA 49 <2 55> 27 - Ju l -77 


Total of 12 5 block s in 6 files Oro DSKC: [ :,0000. 10146) 

Table 4: Three tables showing the displayed file organization on three differ
ent processors. Table 4a is a TDL Zapp!e microcomputer floppy dis/? direc
tory. Table 4b shows a disk directory from a PDP-17. Table 4c is the user's 
directory from a DECsystem-70. 
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A computer system is a coll ection of 
devices, many of them addressable : disks, 
magnetic tape dr ives, cassettes, card or 
paper tape readers, paper tape punch , 
prin ters, term inals, etc. Fi les can be trans
ferre d to and from all of these devices , but 
of the devices mentioned, only disks are 
random access devices - devices that allow 
data to be processed in ra ndom order in
dependent of its physical location on the 
device or its location relative to other infor
mation. These devices are sometimes called 
bloc!? replaceable devices . The other devices 
process informat ion in the same order as the 
physical order of the data on the devi ce. 
These are called sequential access dev ices. 

File Structured Devices 

Disks, tapes, and cassettes are all fi le 
structured devices; ones that allow the stor
age of data under assigned file names. In 
some systems that use audio rather than 
digital cassettes, this cou ld be a minimal 
storage system. The TDL 8 K BASIC, for 
example, lets the user store fi les with a 1 
letter file name on cassette. Reading that 
file requ ires proper manual posit ioning of 
the tape, but sin ce it won't load back into 
memory un less the load command addresses 
the file by its correct 1 letter title, it is 
probably legitimate to call those cassettes 
fi le structured . Devices which are not file 
structured contain a single logical co ll ect ion 
of data, such as a line printer or term inal. 

Directory Devices 

The file structured dev ices can be further 
classified accordi ng to whether or not they 
are directory dev ices. A directory device is 
one that contains a table of contents with 
critical information about the files on 
that device. Tables 4a, 4b, and 4c are partial 



• • 

• • 

• • 

Circle 81 on inquiry card. Circle 372 on inqu iry card . 

~······································1! DATAFACS ! 

• Software now for: • 
: Micropolis and NorthStar : 
: Good Software is Essential for an Efficient Business. : 
• Now. the finest in software at a price you can affo rd . • 
• We are definitely the affordables! • 
: PROGRAMS CURRENTLY AVAILABLE: : 
: INVENTORY PROGRAM PACKAGE : 
: • Inventory Addition • Update : 
• • Analysis (Current month) • Analysis (Year to date) • 
: • Search • Vendor File : 
• Also generates 7 additional user reports and much . much more. • 
: - Cost $175.00 - : 
• MAILING LIST PROGRAM (Single Drive) • 
• •Print formating in 80 or 132 columns. • 
: - Cost S20.00 - : 
• The above programs are designed to run under the following: • 

: • CP/M in CBASIC f Micropolls and Northstar : 
• 2 drives required • 
: ·cP/M in BASIC E also IMSAI IMDOS : 
: (2) 8" disc IBM 3740 Format requ ired : 
: EXTENSIVE CONTRACTORS ESTIMATING PROGRAM ; 
• Literature available upon receipt of your letterhead ••• Currently Under Development: •• 
: • Bii iing f Available : 
• • Payroll early in '79 • 
: • General ledger in new CBASIC-2 ; 
• Specializing in custom software for the AM-100.. • 
• Datalacs System Inc. Eastern Division • 
: 2440 W. Catalpa, Chicago, Ill. 60625 : 
• Phone (312) 784-0300 • 
e ·CP/M is a Trademark or Digital Research Corp. e 
• ··AM-100 is a Trademark ol Alpha Microsystems. • 

~······································· 

CATCH THE 
S-100 INC. ~0W1.rJi BUS! OUR 

SPECIAL 
LIST CASH 

PRICE PRICE 

S.D. Expandoram 32/64K 
Memory Board Kit - (No RAM) 141 .00 120.00 
for each additional 8K add 58 .00 45.00 
for each additional 16K add 143.00 120.00 

North Star MDS-A-D 
Dual Density Kit 699 .00 589 .00 

S. D. Floppy Disk Controller Kit 159.00 135.00 
Exidy Sorcerer 8K Version 895 .00 765 .00 
TDL 32K Dynamic Memory 

Factory assembled and tested 869 .00 650 .00 

Call for Our Prices on: 


Cromemco, IMSAI, Vector Graphic, 

North Star, Sanyo, Hazeltine, IMC 


Plus Most Other Major Lines. 

SutJ1ect lo Ava1latJle Ouant111es • Prices Quoted Include Cash Discounts 


Sh1pp1ng & Insurance Extra . 


Bus.. .5-~DD .. •nc. 
Address . . . 7 White Place 

Clark, N.J. 07066 
Interface...201-382-1318 
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APPLE II USERS 
WE'VE GOT SOFTWARE! 

We have the best disk file management system in the mar

ket. Use it for your mailing list, accounts receivable, pay

ables, personnel records, etc. 

In addition, we offer not only the most fascinating basic 

programming course for people with little or no programming 

experience, but also commercial software for North Star 

Horizon Computers and Ohio Scientific Computers, and over 

one hundred p rograms for Apple II Computers. 

The fi le management system is avai lable for $60.00 and 

the programming course for $30.00. 

Please specify tape or disk version . 

k, money orders and credit cards accepted. 

Florida residents add 4 % tax. 

TRANS-DATA CORPORATION t======I 
161 Almeria Avenue 

Coral Gables, FL 33134 
(305) 576-7666 

Send $1 .00 for so f tware cata log or call our toll free number 
(800) 327-8455. 

PET WORD PROCESSOR 


This program permits composing and printing letters, 

f lyers. advertisements, manuscripts, etc., using the 

COMMODORE PET and a pri nter. 

Script directives include line length, left margin. cen

tering, and sk ip. Edit commands all ow the user to 

insert lines, delete l ines, move lines and paragraphs, 

change strings, save onto cassette, load from cassette, 

move up, move down, print and type. 

The CmC Word Processor Program addresses an RS
232 printer through a CmC printer adapter. 

The CmC Word Processor program is availab le for 

$29.50. Add $ 1.00 for postage and hand I ing per order. 


Order direct or contact your local computer store. 

VISA" 
-I CONNECTICUT microCOMPUTER 

150 POCONO ROAD 
BROOKFIELD, CONNECT/CUT06804 

(203) 775-9659 
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PET™EXPANDOR PRINTER 

FROM PETSHACK Software House 
P.O. Box 966 Mishawaka , IN 46544 

- Tel: (21 9 ) 255 3408 Z 

PRINTER PRICE WITH PET INTERFACE $495 

• Small size of 4.5"H • 12\\"W • 9\\"D 
• fmpacl printing · 3 copies 
• Prinls 80 columns wide 
• Pri 111 Cylinder . nol a malri• 
• Uses B\\" paper, pressure or pin feed 
• Easv 10 main1ain yourself . or rel urn 10 us 
• Regular Paper · Coated paper not re11uired 
• l ight weight . 11 \\ lbs. wilh cover 
• Prinis 10 characlers per second 
• 64 Character ASCII Character Sel 
• Full Oocumen1a1ion In cluded 

This is the ideal, low cost, reliable, self maintained 
pri111er with which to complete your PET system. 
PET ROM LISTINGS $ 19 .95 
PET SCHEMATICS $24.9 5 
PET TO PARALLEL INTE RFACE with 5V .8A power supply $ 74 .95 
PET TO 2nd CASSETTE INTERFACE $49.95 
BUDGET · NEW · Keep track or Bills and Checks. Update as needed $ 14 .95 
NUMBERAMA · Number Guessing Game based on ' MASTERMIND' $5 .95 
ST ATES · Helo 1he kids wilh their gcog1aphy . M atch Sla tes & Capiials $5 .95 
MATH TUTOR · Help youngsters learn ma th m an en1ovable way S5 .95 
6502 DISASSEMBLER $12.95 
MAD U BS - PARTY FAVORITE! Hilarious stories created S5 .95 
WOR LD CONQUEST · Advanced game ol Strat egy $5 .95 
STAATREK · AU-time favorito wr i tum for the PET 's spocial Graphics $5.95 
MORT AR - Advanced game with X·Y coordinmcs & angtes $5.95 
PSYCHO ANN IE · Tell yo~ir problems lo Psycho Annie $5 .95 
CO MPUTER DERBY · Up to 4 people can play the horses $5 .95 
MAILING LIST - For personal or business applica1ions . $ 9 .95 
HOM E UTILITIES - Loans. Savi ng s, Elcc uici ty, & miles per gallon $9 .95 
M ACHINE LANGU AG E MDNrTOA · Write M achine Code. Save on tape $9. 95 

PET is a trademark of Commodore Business Machines 
• U1•11•1 IH l lHl1•1111H,H lll lllHl•ll l Hllll ll lHlll l lU I Hlllll lll11111 1 1 11 1 11 1 11111 1111u111111111 1111t 
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Device Access Type Directory ? 

disks random yes 

magnetic 
tapes 

sequential varies with 
operating system 

cassettes sequential no 

Table 5: Comparison of three file structured 
devices in order of increasing access time. 

file directories from various processors. 
Besides the file name and date of creation 
or mod ification , the directory contains the 
size and address of the fi le on the device, 
although the directory listing on the termi
nal may not show all of this information. 
Fi le access times are orders of magnitude 
faster on directory devices because the 
hardware can first examine the directory 
and then go right to the sector where the 
wanted information resides. 

Table 5 summarizes the access time 
comparison for file structured devices and 
shows why cassettes are so much slower 
than disks : they are neither random access 
nor directory devices . Even a digital cassette 
drive run by an intelligent controller must 
spi n a lot of tape, examining each file 
header in turn until it finds the one desired. 
To apprec ia te the time differences involved, 
consider the time it takes to load the TDL 
8 K BASIC interpreter on our microcom
puter: using the fast TDL cassette format 
(1200 bps), the cassette tape takes 3.5 min
utes; and using the PerSci floppy disk, it 
takes about 2 seconds. 

Magne tic tapes occupy the middle ground 
between cassettes and disks because while 
they are sequ enti al, they can have high data 
transfer rate s. But as with cassettes, updated 
files must be tagged onto the end of the 
tape, drastically increasing their access time. 
Cassettes and magnetic tapes typically con
tain directory type information headers at 
the beginni ng of each file, so the system can 
at least read them sequen tia lly and produce 
a table of contents on the user's terminal. 
Magnet ic tape units, however, are seldom 
seen on microcomputer systems because 
they are much more expensive than floppy 
disks. 

Today, floppy disks represent a good 
trad e-off between pri ce and performance 
(speed and information capacity) in handling 
files. But remember that files are just a way 
of organizing memory, and newer memory 
devices like bubble memories and charge 
coupled devices are like ly to change people's 
opinions about the best ways to handle fi les. 

Part 2 of th is article will describe the de
tailed techn iques of managing files .• 
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Build Your Own Low Cost 


S-100 Bus Micro-Computer 

POWER SUPPLIES 


Unregulated Output: -: 8.SVDC & t 17VDC 
With Heavy Currents: 15 Amp or 25 Amp@ + 8.5VDC 

. ·~· Fl=~:~ g~~:!;~"~;:: :::~ 

~~· kl:::· g;.~:;1~,.~APS: ::: 


,,_.. C2: 6,000UF. SOV $ 2.50 
TRANSFORMERS: 
T1 : Suppl ies+ 8.5V/15A, - 8.5V/2A & ! 17V/ 2A $1 8 .50 

SIZE: 33J8"(L) x 4"(W) x 23/16"(H). mtg. bracket Incl. 
T : Suppl ies + 8.5V/ 25A, - 8.SV/3A & '!17V/3A $24.50

2 
SIZE: 33/4"(L) x 41 18"(W) x 3118"(H). mtg. bracket incl. 

POWER SUPPLY KITS: Dimensions: 13"(L) x 5" (W) x 4718"(H') 
KIT "A": Output; + 8.5V/25A, - 8.5V/3A & :!: 17V/3A $58 .50 
Incl. trans. T2 , C1. (100,000 UF) .3XC2(6000UF) . D1. o2. 4x res1s.. 
fuse, holder, barrier strip, alum. chases plate & all nece. mtg. 
parts. 3 hrs. assy. time & instructions Incl. 

KIT "B": Output;+ 8.5V/ 15A. - 8.5V/2A & ~ 17V/2A $48.50 
All parts same as kit A, except trans. T1. & C1 (52,000UF) 


SHIPPING: $4.75 per transformer. For each kit: $5.00 in Calif .. 

$7.00 for all other states. Calif. residents add 6% sales tax, 

Master Charge/B of A, OEM are avai lable. 


SUNNY IN 11:.HNATIONAL 
MAIL ORDER: 	 STORE: 
P.O. Box 4296 	 7245 E. Alondra Blvd. 

Torrance, Ca. 90510 	 Paramounl, Ca. 90723 
STORE HOURS: 9 AM-6 PM 

PHONE : (213) 633-8327, 530-3732 

Radio Shack Computer Users 

TRS 80 monthly 
-	 newsletter 

The largest publ icati on devoted to t he TAS-80 Sys tem 

• Business • 	So~ware Exchange 
• Personal Finance • 	Market Place 
• Practical Applications • 	Questions and Answers 
•Gambling-Games •Program Printouts 
e Latest RADIO SHACK Developments 

• 	••• and more 

MAJOR PROGRAMS PUBLISHE D MONTHLY • INCOME TAX 
PROGRAM - LONG AND SHORT 	FORMS • INVENTORY CON · 
TROL • EX TENSIV E MAILING LIST AND FILE PROGRAM • 
PAYROLL • STOCK SE LECTION •PICK ING WINNING HORSES 
• REN UM BER PROGRAM LINES • CHESS • CHECKERS • F INAN · 
CIAL APPLICATIONS PACKAGE • PERSONAL FINANCE PACK· 
AGE • GRAPHICS • STATISTICS • MATHEMATICS • ED UCATION 
.. . AND MORE 

VJS4' 

S24. Per Year ii
:L(]f':1PlJTA(]lif%LS~. 


MATHEMATICAL A PP\..CAT IO"'\IS SE~ICE .. . 

Box 149AB, N ew City , N ew Y ork 10956 (914 ) 425-1535 

Send for FREE Software Catalogue (Including listings of 
hundreds of TRS programs available on cassette and diskette). 

AVAILABLE NOW 

S1695 T.I. 810 printer 

• 	 150 cps bi-d irectiona l impact printer 
• 	 Tractor feed , 3" to 15", up to 6 -part 
• 	 Programmable forms lenglh 
• 	 EIA RS-232 serial, 110-9600 baud 

Options: 
• Upper/lower case $90-Siand & paporbaskel $135 
• Forms Length Conlrol $90-Venical Formal Conirol S 180 
• FLCICompressed Prln1 $180-VFC/Compressed Prinl $270 

Need a Texas Instruments portable, ASA or KSR? 

SOROC 
10 120 

s795 
• Upper/lower case, 24 X 80 12" d isplay 
• Numeric keypad , cursor control keys 
• RS-232 interface plus extension port 

Need more Intelligence? 

SOROC 10 140 Sl 345 
Call MICROMAIL 

Teletype 43 sggg 

• 	 Upper/lower case, 132 

columns 
• 	 RS 232 serial, 110 or 300 

baud 
• 	 12" X 8 V2" pin-feed paper 

( 1620 piclured) 

Oiablo 1641 /3 S291 O 
• 	 Letter -quality printing 
• 	 HyType II daisywheel printer 
• 	 RS 232 seria l, 110-1200 

baud 

FROM MICROMAIL 

To order: Send a certified check or money order. Personal or 

company checks require two weeks to clear. 

Hendllng: Less than $2000, add 2%; over $2000, add 1%. 

Tex: Californ ia residents add 6% sales lax. 

All 1erminals shipped freight collect in original carton with 

manufacturer's warranty. 


Write for free catalogue 

MICROMAIL •BOX 3297 • SANTA ANA , CA 92703 
(714) 731 -4338 
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64KB MICROPROCESSOR 

MEMORIES 


• S-100 - $695.00 
• LSI 11 - $890.00 

• 6800 - $995.00 
Cl-5100 - 64K x 8 on a single board. 
Plugs directly into the IMSAI , MITS, 
TDL, SOL and most other S-100 Bus 
computers . No wait states even with 
Z80 at 4Mhz. Addressable in 4K in
crements. Power requirement 6 watts. 

Cl-5100 64K x 8 Price $695.00. 

Cl-1103 - BK words to 32K words in a 
single option slot. Plugs directly into 

)_i __ __ - • LSI 11 , LSI 11 /2, H11 & PDP 1103. 
Addressable in 2K increments up to"I 
128K. BK x 16 $390.00. 32K x 16 $890.00 

Cl-1103 32K x 16 qty. one. 

Cl-6800 - 16KB to 64KB on a single 
board. Plugs directly into Motorola's 
EXORcisor and compatib le with the 
evaluation modu les. Addressable in 
4K increments up to 64K. 16KB $390.00. Cl-6800 64K x 8 
64KB $995.00. 

Cl-8080 - 16KB to 64KB on sing le 
board. Plugs directly into Intel' s MOS 
800 and SBC 80/ 10. Addressable in 
4K increments up to 64K. 16KB $390.00. 

Cl-8080 64K x 8 64KB $890.00. 

Tested and burned-in . Full year warranty. 

Chris/in Industries, Inc. 
Computer Products Division 

31352 Via Colinas •West lake Village. CA 91361 • 213-991-2254 

Ci rcl e 47 on inquiry card. 

Continued from page 7 

Raphael's book The Thinking Machine: 
Mind Inside Matter, req ui red a Xernx 
XDS-940 computer with 64 K 24 bit words 
of memory in its first version circa 1969. In 
the second version of Shakey, the robot was 
drive n by a PDP-10 with roughl y 200,000 
words of 36 bit memory (ie: close to a 
mil lion bytes of memory.) Shakcy is no 
doubt one of the bes t mobil e robotic sys· 
tems seen to date. 

The advances in computer power allow 
many more individuals to experiment with 
such mechanisms. The present crop of 
microprocessors have a 23 and 24 bit byte 
address space that is complemented by the 
extremely large 64 K bit (and in yea r·s to 
come, 256 K bit ) dynamic memory parts . 
These arc the latest exa mples of how micro
electronics creates the kind of computer· 
power needed to control autonomous mech
anisms inexpensively and , therefore, practi
cal ly. We are now seeing th e possibility of 
inexpensive (under $1000) computer elec
tronics equivalent to Shakey 's 1971 era 
PDP-10 . The processing power needed to 
make a robot perform complicated visual 
recogni t ion and manip ulation tasks will be 
ava il able to the creative in dividual experi
men te r. Even without the lates t state of the 
art of integrated circuit des ign, the typica l 
personal computer's 8 bi t processor with 
64 K address space, floppy disks and dis
plays is more than adequate for experi
menting with automated mechan isms in
clu ding arms and mobil e robot platfo rm s. 

In th is issue we have two art ic les by 
va ri ous perso nal computer exper im enters on 
designs or robotic arms that can be built 
and programmed usin g read il y available 
components. In the pursu it of Lhe successful 
robotic system, the arm is one of the most 
chal lenging su bsystem to design; we arc 
mapping a physical sp;ice, getting sensor 
feedback about the objects in that phys ical 
space, and manipulating the objects. or 
course, the open loop manipul ation of 
object<; without feedback is possible, and 
is a step in the righ t direction. But r·eal 
adaptive interaction with the des ign eviron
mcnt requires some form of feed back. Put 
all th ese detail s together, and a challenging 
project results. It includes elements or so ft
ware design of the control programs for the 
system, clements of mecha nica l desi gn 1·or 
the proper fab rica tion of a balanced and 
reliable arm, and elements of electronic 
design for the in terface between mecha
nism and logic leve ls. 

The task of designing an arm subsystem 
as described in this issue's art icles has been 
on e or creating it from scratch. But what 
about the prospect of taki ng a shortcut by 
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G AlAC llC 8LOC,., AOE RUNNER - an r 1cding ddlf'rf' n l anll -.OJ1f\1srn;: ~1eo 

"IOace ..,ar Qilmt: w 11h 1n te1es11ng Qfdlpt'll c d 1spl.lyS P1ays be11e1 1nat"I man., o f 

ltU!Sl.lr Tre'°S0ul1herr T1 J 4 12 11~ P A $99~ 

SCl -f. I GA ME SAMPLER -incwdes J g;1mes - Space Mons1r1 Lundi Lande• 

Jno Sr:iace Ban•• ii'' w• l fl 9•ar>h•cs T11t T2 • •6 P ss 9~ 
SOLARI A - A SODh•Sllcated Jan11sv ro co,, omrc s1mu1a11on - vou ""on t 0c-11ewr 

1ne comote-111y 01 th•s ont'·s ov1ou1 T1 116 P sg 9!:i 

MI CROCHESS - play criess w•lh your computer Uses graph•C 01sp1ay and 

p1ov1des "'auous re ...eis o l O•fhculty T 11• T2 r 4 P A S19 g~ 

BFHDGE CH ALLENGER- why •••1 10 get J Olhi:• Of'OPI" IOQflher 10 Pl<ll\' .., 

You1 compull'l• s1ead.,.i1nyhme 12116 P A su Y 

PILOT - The C Al :anguige Tn1s .,ers ro n has more te~1 u1 es than m.,nv 0 1 tt- o~f' 

on lhe matkf't 1nclud1ng a bui lt 1n edito r T 1 14 f] f C 1 u 9~ 

MICRO · TAX 711 - 1u$I 1n hme to help vou t11ep1rP vou1 rPlurns Ooes lo1m 10•0 

•ndschedulesA. , B C. SE 04 4797 T1 1 16 St?9!t 

RENUM BE R - a mac nine 1anouage t1rog1am 101 renumbe1ong vour BASIC p• o · 

01ams one ol your m o ,1 uset,, 1 proq,..mm1ng too ls T71' iu 9!:1 

PERSONA. l F"I NANC E PACl<. .t..GE - 3 programs 1n 1n 1s on P' Cn"" '""O Ac · 

counl Bu0Qf'1 Ptanner •"<l 1n1e1esl C0tlcu1.a1 01 	 T t 14 11 t • S9 9!> 

AIR RA IO - · 14 m.-c ri1ne lanouaQf.' 1en1 11me ,11cade l yOf' gam" S'1 oll l <l o ""n 

pianesutne't'Uyby T1H T] 1C 	 , ,. 9 !J 

RS~ · 2'!. - ii macr1 .n" •~n gu.aQe mon•I O• l or tnf' TRS -8t' Ma•'v m• nv 1ca1urt"S 

inclu ding ii buill 1n d1 s .. ssem ore1 St'6 9S Dis., Vt!r ~1on S29 CJ !> 

APPL E T AL KER - speacn <Synr f'M1'S !o r you• APPL E cl'Jmpult"i 1 S1~ 9~ 

A PPLELIStE NER - ~or.ecri recoo n•t 1ori l t11 , nur APPL( compu1r 1 A nice 

c omp.anion. p•og ram 10 1he or'e ~t>o~I:! Jusl l h 1nlt. o l wl'I JI 't'OU c: an Oo' I 19 9~ 

MANY ~ORE - SFNO FOR FPFE C•l ALOG - G IVE TYPf OF COM PUTER 

I w:" 1'11 LPd \.km P Clmnn11~11irl· 1.. 1 1 A ·\ rf"k 11 

15% OFF I F Y 0 U BUY 3 0 R M 0 R E 

~~~ w~vv~w ~OC1v~~~ 
219 WASH I NGTON AVE DEPT 
CHELSEA MA 02150 l617J 884 7291 v,.. 

INCOME TAX 

PROGRAMS 

FOR TRS-80™ 


FOR INDIVIDUALS (LINE PRINTER OR 
DISK NOT REQUIRED) 
1040A 4K 7.95 
1040 (with Schedule A 4K 14.95 
& C thru F Routine) 
TC&G (Income Averaging) 4K 14.95 

***STATE LEVEL I OR II** * 

BUSINESS & PROFESSIONAL: 
Full systems with line printer 
output start at ... .. . . .. .... .. 189.95 

FREE 7-PAGE CATALOG 
AND DESCRIPTION 

CONTRACT SERVICES ASSOCIATES 
1846 W. Broadway Anaheim, CA 92804 

Circle 83 on inqu i ry card. 

COMPUTALKER 

AND 


VOTRAX 

OWNERS 


Our ANGLOPHONE program for the 8080 converts ordinary 
English in real time into phonetic codes to drive your speech 
synthesizer. Price Includes source and object codes ond o 
comprehensive monuol. The version for the Computolker 
occupies 7K byres ond requires Compurolker's CSP.1 
software. The version for the VOTP.AX occupies 11 K byres. 

For Computolker $ 45 
For VOTRAX VSK $100 
For VOTRAX VS-6 $200 

Avoiloble on: 

CUTS Cosserre Order from: 

CP/M 8" diskerre UPPER CASE 

North Star diskerre 2011 Silver Ct. E. 

Poper rope Urbano, Ill. 61801 


PCE Electronics 

PCE/ITHACA AUDIO 
IA-1100 64Xl6 Video Interface with 
white on black or black on whrte, swrtch 
select blinking cursor, a there's NO 
SNOW or WAVE. S-100 kit $115° 0 

add $ 35 °0 for assembled a tested 

PCE 16/4+1 EPROM/RAM 
Sockets for up to 16 2708's with 
0 to 4 wait states, addressable in 

four 4K blocks, with IK of RAM 
that may run w1th1n one of the 4K 
blocks or ot any IK boundary. S-100 
kit $130 ° 0 add $5°0 for 250ns RAM 
add $30° 0 for assembled a tested 

We hove much more, coll or write for our flyer. 

PCE Electronics, 4782 Dewey dr. , Fair Oaks, Ca. 95628 

(916) 966- 2208 

Mosler Charge 	 5 °/0 for sh1pp1n9 

excess refunded
Visa 
Ca lif. residents addCOD requires 

6 °/0 s a I e s I ox
50 °/o deposit 

Special packing for 1nternot1onol orders. 
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An icles Policy 

BYTE is con1inu;i ll y seckin.; qua lity 
m.1nuscrlpts wri11cn by ini.llviduals who 
3rc appl\• in ~ personal com1luter sys tems. 
dcsi~ning such systems, or ~v ho have 
knowledge which wi ll prove usefu l 10 
our rcadt.•rs. Fo1 a more formal descrip · 
1ion of pfOccdurc) and rcq ui tcnicnh, 
po1cntial authors should se nd ii self · 
addressed, s1ampcd e nvelope 10 BYTE 
r\uthors' Guide, 70 M.iin St, Peter· 
bo,ough NH 03·158 . 

1\r1l clcs which arc accep ted ;ire 
purchased with .i rate of up to SSO per 
ma~Jt.inc P•l&c . basctJ o n 1echnicJI 
qu ali t ~· and suitabi111~· for OYT E's 
readership . Each month, the author) 
ol 1hc two lt!adin~ ar1 lclcs in the readt:r 
pull (BYTE 's On~oing Mo nitor ao.\ o r 
" BOMB" ) Jre prese nted wi th bonus 
c:hccks o f S 100 and SSO. Unsolicited 
matcrial5 sho uld be accompanied by full 
name and address. ~s well as return 
posla~e .• 

purchasing some form of "experimenter's 
arm" kit? 

There has been one attempt at a commer
cial kit product for the robot arm expe1·i
menter, a product which was advertised in 
th is magazine starting last sp1·i ng. I rerer to 
the Ga\\ahe1· Research "G rivct" arm, wh ich 
is shown in photo 1. 

The photograph was taken using the kit 
I bought ror $400 and put together· one 
Sunday morning in September. In a phone 
conversation with Mr Ga llaher, I have since 
been in fo rm ed that th e Grivct wil l no longer 
be avai lable by the Lime th is issue 1·eaches 
reade1·s, althou gh he is rillin g orders already 
placed. 

Mr Ga ll ahe r's robot ;nm was a crude start 
at best, ror all we got is a raLh er shaky 
mechani sm with six DC moto rs. The pur 
chaser's inventiveness mu st supply the 
deta il s or electronic interface and control. A 
suggestion, in the marketing literature 
su pplied with the kit, is tha t re lays be used 
to prov ide control of the 6 VDC which will 
run the motors. This ki t provided what you 
see in the photograph: a limited mech an ical 
start on a complete ar m which must include 
a mounting or some sort, power supp li es, 
bidirectio11<1\ motor drive electron ics, and 
sensory Feedback. There is not even a 
suggestion of how to mount and use sensors 
to provide Feedback control o r th e arm in a 
practical object manipul ation environment 
such as a chessboard with chess pi eces as the 
ob jects. 

The designer or th is arm did his home 
work with respect to ba lance, ror it wil l si t 
upright on its cou111erweighL with no parti
cul ar urge to topp le over. The photograph 
was Laken with the arn1 in this position. But 

if mounted in a horizontal posit ron as 
suggested by the sales li te rature (assembly 
drawi ngs, bu t no instruction manual, come 
with this device) several of the parts are 
under enough stress to be visibly bent. The 
only way I can see to practical ly moun t this 
arm is by having it hang down from the 
shaft furthest from the hand mechanism 
(flipping it 180 degrees around the vertical 
axis of photo 1 ). 

The Gallaher arm kit's parts are apparent
ly handcrafted. When you think of the time 
and energy that went into its creation, it is 
obv iously a bargain at $400, even if incom
plete. Some of the first microcompute r kits 
such as the Mark-8, Altair and Sphere were 
similarly incomplete, and a whole industry 
was formed filli ng in the gaps to provide a 
complete computer system in assembled 
form . Therefore, we can expect more 
comple te robotic systems as fur ther pro
ducts arc offered to the experimenter. just 
as "hardheaded reali sts" (i e: unimaginative 
people) scoffed only four years ago at the 
idea of a personal computer, I can almost 
hear the equivalent comments about domes
tic robots being uttered as I pen these words 
at the keyboard of my personal computer. 

As th is text is prepared on November 11 
us ing the editor faci lities of the UCSD Pasca l 
system run ning on a Northwest Microcom
puter Systems 85/P, I know of no kit pro
ducts which are ava ilable to the experi
menter for creation of the in tegrated mecha
ni cal and electronic parts of an arm suc h as 
those described in the articles by Andrnw 
Fi lo, Keith Baxter and Timothy Daly 
in th is issue. In order ex periment with arms, 
readers will have to use the philosophy of 
"do it you rsel f" to create the mechanica l 

THE INDUSTRY LEADER IN AFFORDABLE
THE~D©~ HI- RES VIDEO ANALYSIS FOR ALL S-100 

AND S-50 COMPUTERS 

W©~ 11 II II ltlll 11111
The Micro Works DS-68 Digisector· , 
already the most popular and powerful 
video digitizer for the S-50 bus, is now 
available to S·100 owners. 1000 012 

U.P.C. IMAG E PROCESSED BY DS-80 (See pg. 184 In BYTE December 1978) 

The DS-80 features full compati bil ity with the proposed IEEE S-100 standard and all cu rrent S-100 CPUs. New improved circu it 
des ign enhances performance. The DS-80 offers random access video digitization of up to 256 X 256 spat ial resolut ion and 64 
levels of grey scale, plus con tro ls for brighlness. contrast and widt h. tt is versat ile enough to handle any video processing 
task - from U.P.C. codes (above) and blood ce ll counting lo compuler portraiture and character recogn it ion . The DS-80 comes 
fully assembled, tested and burned in. Included is portrail software compali ble with the Vector Graphic High Resolution Graphics 
Display Board. 

Please al low two weeks for delivery. 
Master Charge and BankAmericard 

05-80 for the 5-100 bus $349.95 05·65 FOR THE APPLE· ... 
05-68 for the 5-50 bus 169.95 COMING SOON ! 

P.O. BOX 1110 CJEL MAR, CA. 92014 714-756-E!BB7 
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Improve your game with . . . 

>>>FnSTGAmmon >>>™ 
An exciting new backgammon opponent! 

You Play 
X 's 

Compu!er 
Plays O's 

e 

• 

CP/M™

LOW-COST 
MICROCOMPUTER 
SOFTWARE 

CP/M™ OPERATING SYSTEM: 
• Includes Editor, Assembler, Debugger and Utilities. 
• For 8080, Z80, or Intel MOS. 
• For IBM-compatible floppy discs. 
• $1 DO-Diskette and Documentation. 
• $25-Documentation (Set of 6 manuals) only. 
MAC™ MACRO ASSEMBLER: 
• Compatible with new Intel macro standard. 
• Complete guide to macro applications. 
• $90-Diskette and Manual. 
SID™ SYMBOLIC DEBUGGER: 
• Symbolic memory reference. 
• Built-in assembler/disassembler. 
• $75-Diskette and Manual. 
TEX™ TEXT FORMATTER: 
• Powerful text formatting capabilities. 
• Text prepared using CP/M Editor. 
• $75 Diskette and Manual. 

ffiI) lJ~lJ~TflL AESEflACH 

P.O. Box 579 •Pacific Grove, California 93950 

1408) 649-3896 

Sawyer Software 

Quality Business Software 


For PET1m or TRS-80tm (level II 16K) 
I I 


>» fRSTGnmmon >» 
ON TliE TRS-80 

OUTSTANDING FEATURES! - Computer makes good moves 
instantaneously. Literal and graphic displays of each move. 
Option to rep lay sa me rolls . Eight-page instruction manual. 

Avai lable on cassette ($20) for : 
TRS-BO (level II )" 
APPLE 11 • 
SOL* 

Available on diskette ($25) for : 
TRS -BO* 
APPLE II .. 

'16K AAM re!q111red. ··24K RAM reqwrcd. 

COMPAL-BO* 
POLYMORPHICS* 

COMPAL-Bo ••• 

.. . M lcropohs dl1al donsuv. 

SEE IT NOW AT YOUR LOCAL COMPUTER DEALER 

OR ORDER DIRECT FROM 

Quality Soitware 
10051 Odessa Avenue. Sepulveda. CA 91343 

(Catiforn1a residents add 6% sales 1a;icl 

•••••••••••••••••••••••••••••••••• 
ATTENTION SWTPC DISC SYSTEM USERS 

All Ed Smith's M6800 SOFTWARE TOOLS 
31e now iJ"'a•labl i: 1n mm1 ·FLEX tofma 1 as well as Smo~e Signal Broadcasting form11t . See 
July BYTE lo' cfo.ketle mechiJ puce~ . Disc users specify SSB OR SWTPCO. 

M6800 RELOCATING ASSE MBLER AND L INK I NG LOADER 50hwate for rapid program 
de welopmen1 and dt'btJgg1ng . Some of 1U leaturt~ are RELOCATA BLE CODE - FULL 
ALPHABETIZED CROSS REFE RENCE LISTING - BOTH GLOBAL AND LOCAL 
LABELS - LISTING OF EXECUTION TIME ·· RELAT IV E BRANCH TARGET ADDRESS · 
ES - 8 CHARACTER LABELS - CORESIOENT EDITOR  ENGLISH ERROR MESSAGES 
80 COLUMN LISTING USING PR.40 - .,c . 

M68AS .. cauolla . . . . , . .$50.00 
M68AS·D ..m in;tloppy . . ....$55.95 

M6800 RELOCATABLE DI SASSEMBLER AND SEGMENTED SOURCE TEXT GEN · 
ERA TOR . This software tool enables vou to modify and adapl those large sized object pro· 
grams and re ·auemble them on yow svuem w 11hou1 requiring enormous memory . Tho 
program wilt produce s.e9menrnd source text l ilet. w11h all the external linkage i nform1t ion 
required lor re ·assemblv using the above R eloca11ng Assembler , 

M68RS . . ensotta ............... , . . . .$35.00 
M6BRS·D ..m ln;tloppy . . . . . . . . . . . . . . . . . . .$40.95 

M68ASPK Above two programs on sing le diskette . . ........ , ... . .... .$85.00 
The above 1wo programs ar e furr11shed 1n re locatable formatted code w ith instruction 
manuals and commented assembly huings . The loadef is also t.upplled In stando1d MIKBUG 
lorma1 on casset te o r as a bin ary tile on disc to 1n1t iallv toad the linking loader 11 any de · 
sHed address . 

Tht lmkmg looder is also available in EPROM on lwo 2708's lor $45 .00. Specily deiired 
addreH and ve,sion , l.e . caneue. FLEX or SSB. 

11-M-l-HHl-U-ll 
FIRMWAR E from Ed Smith 's SOFTWARE WORKS 

A '2k Monito t Ois.assembl1r ·Tr1ee Debu~i ng Tool in EPROM . U11 as st1nd ..ton1 monitor or 
as an adjunct to your Smutbug or Swtbug. Requires. ACIA a control port . Provides 111 ttle 
moni1 or commands 123) vou could ever ask for . plus 1n1 conveni1nc1 of 1 mnemonic dl\ · 
enembltr end single uepping disassembl1r . 1r1ce display . lntuactiw use of 1ingli or du.al 
brHkpoint wh h UICI p ickup 11 brHkPolnt , plus m1ny new monito r tu nctloni end &ub
rou1 in11, m1kH 11'\ is 1 1uP1r tool vou will love to wo rk wi th . UHs locat ion SF800 to 
SffFF . furn ished on two 2708'1 or one 271 6 . lncluc»s Manual and comm11n11d nsembly 
hUmg. Specify ACIA loc11ion and PrtsttU monitor 1n order to \:Hp SAOOO RAM com • 
Plt•bilhv . SMITHBUG ON 2708's .••••.• . $ 60.00 

SMITHBUG USER SUPPLY .• ,. $40.00 

e Ge 1 under Ed Srn1th "s SoltwiJrl! RUG (Re locating anembler Users Group! . All RUG mem· 
• ber~ w ill have use of a bu ild tng softwore support lib rary in relocatable formal . Upcom ing 
• items are a F1o:u 1n9 Point package and B Trig package . 
• Order direct by check . Specify svuem r;onf iguta1ion 1f o ther than SwTPCo. Ca1ifotn i1 
• residenu odd 6% sales ta11. . 

:Ed Smith's SOfTWf\AE WDAHS •• P.O. Box 339, Redondo Beach, CA 90277, (213) 373-3350 
••••••••••••••••••••••••••••••••••• 
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AP1 is a general ledger package 
with check journal , income state
ment. balance sheet and 
checkbook reconciliation rout ine. 
Des igned lor the small busi ness 
or homeowner. Up to 50 entries 
and 40 accounts per period . 
.. ... . .......................... $25.00 

AP2 has all Iha features of AP1 . 
plus up to 250 entries per per iod , 
Menu. formatler for reports and 
more. Requires at least 16K In 
PET or TRS-80. 

·· ····· ··· ·· ··· ····· · ·· ····· ··· $45.00 

Payroll computes tax lnlormat ion 
and updates totals for quarterly 
and yearly reports . Employees 
can be salaried or hourly and pay 
periods can be either weekly , 
bi-weekly , semi-monthly or 
monthly . Any number of 
employees (8 per cassette) . 
... . . . . . . . . . . . . . . .. ' ....... ... $30.00 


B.A . allows management to have 
available to them information lor 
financial plann ing decisions 
ut ilizing ratio and growth 
analysis. 

...... ....... . . . .... ...... ... .. $30.00 


Call or write for your free brochure 
on all our PETtm & TRS-80tm programs . 

• 
I l 

SAWYER SOFTWARE 
201 Worley Rd .. Dexter . Mo. 6384t VISA• 

(314) 624-7611 
Telephone Orders W elcome 
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and electrical control parts of the system. 
This is a philosophy wh ich many people 
(including myself) have successfully used in 
learning about and creating homebrew com
pu te rs from scratch using microprocessor 
and TTL integrated circuit components. 
Until we see some commerc ial products it 
wi ll be the only way. 

Of course, the comments above regard in g 
a paucity of kits ap pl y only to arm mecha
nisms. There is the Terrapin Inc "Turtle" kit 
which has been availab le si nce this past 
summer. This mechan ism is a product of a 
group of free spirited indivd ua ls associated 
with the MIT ai-tificial inte ll igence labora
tory. It is a direct OU tgrowth or the Logo 
project which began several years ago. The 
kit gives one a mobi le object mounted on 
two wheels and casters, but tethered to the 
computer by an umbilica l cord . (T he people 
at Te rrapin say a r·emote controlled vers ion 
using a sonic system and on board batteries 
may be in the works for a ne xt mode l. ) 

The Tur tle, is, of course, intended to be 
used to teach chi Idren (large and smal I) 
concepts that ar·e ii lustrated by motion of a 
real object which may deposit tracks be low 
it. The Turtle is the ideal real object for 
demonstrating strategies of search and 
motion which are a subset of the techniques 
needed to implement a real versi on of an 
"R2D2 " robo t. 

For delighting fam il y and fri ends wi th a 
mobile mecha nism, there is an area of per i
ph eral devices which has yet to be dis
cussed in these pages. This is an area which 
has a fai rl y obvious and re latively inexpen
sive ope n loop output. The kin d o f device I 
re fer to is the traditiona l mar'ionette hooked 
up to com puter controlled actuato rs. 

Photo 2 shows an example of a mar'io
nette whic h I pu rchased with th e idea of 
mak ing this point through a photogr·aph. 
The mar ionette cost $32.50 at a wonderful 
store call ed Geppetto's located in a push
cart in Boston's Faneuil Hall marketpl ace. 
Looking around for actuators, I found a box 
of ti ny DC motors in El i Hefron's store in 
Cambridge MA which set me back about 
$20 for more than enough motors to pull 
al l the strings of this puppet. Coun ting the 
electronics and tiny gea r boxes needed to 
pu ll the strings in a si mple binary manner 
(up or down for any given str ing) the guts 
of the marionette output dev ice will prn
bably ru n less than $75. Add some wood to 
bui ld a little theater, and the cost of the 
completed output device wil l probably total 
under $100 in parts . Of course, I have not 
bui lt such a device, and may neve r get 
around to doing so. I prese nt the idea as J 

possibili ty for some reader to use as a source 
of some chall enging fun. 

Control of such a marionette ou tput 
device can be accomplished with a computer· 
as simple as a single board machine language 
or iented development kit, or it can be made 
quite elaborate using th e software tools or 
the more complete personal computers now 
on the market. The goal of the softwar·e 
support for the marionette is of course 
identica l to the goal of software support fo r 
stored performances on a music sy nthesizer: 
creation and execution of strings of com
mands to be sent to the mechanism. The 
programm ing of such a project can be 
handl ed by the implementation of a special 
purpose interpretive la nguage using whatever 
software tools are avail able. 

This brings the discussion back to that al l 
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important question: "How does the personal 
computer fit into th is concept of robotics 
and the control of mechanisms?" It fits 
elegantly, due to the software tools that are 
now so inexpensive ly avai lable, built in to a 
black box that is th e personal computer. To 
date the tools have been almost excl usively 
assembly language or BAS IC on the bigger 
machines, and BASIC bui lt into read onl y 
memories of the smaller mach ines. But the 
boundary line between "big machine" and 
"affordable by the in dividual experimenter" 
is erodi ng away with the prices of com
puters. With one app liance computer pre
sently on the market sporting a pseudo-APL 
as its consumer oriented comma nd language, 
and Pascal available on the more expensive 
($2000 and up) personal computers, can it 
be long before we see a LI SP, smal l talk, or 
logo kernel appearing in the personalities 
of small compu ters? 

Even if one is confined to BASIC as the 
built-in personality of a sma ll computer, it is 
possible to do significant things. I have 
seen an attempted implementation of LISP, 
sent in by a reader·, using only Microsoft's 
widely avai lable interpreter (th e Applesoft 
version). Ray Cote of BYT E has also quite 
effectively adapted and ex tended a Micro
soft BASIC implementation of the macro
language ca ll ed GPM, adding a few features 
th at address the color graphics hardware of 
the Apple computer. The particular 50 line 
BASIC implementation he started from was 
written one weekend last spri ng by Wa lter 
Banks of the University of Waterloo. Each 
of these examples used the built-in tools 
of the BASIC oriented computer at hand 
to build better tools that would prove most 
usefu l in th e art ific ial intelligence programs 

required for robotics experimentation . The 
GPM interpreter superim posed on the Micro
soft BASIC interpreter runs surprisingly fast. 
Two layers of interpretation isolating the 
app l ica ti on from th e rnach ine language of 
the 6502 in the Apple do not get in the way 
of serious experimentation using GPM. I 
ex pect that th e same wi ll prove true when 
the LISP interpreter written in Microsoft 
BAS IC is final ly de bugged in its Applesoft 
incarnation. 

Whatever the kernel of software tools 
that one has available in the personal com
puter, one of the most important design 
considerations is using these tools to create 
an inte rpretive la nguage which fits the 
mechanism. Special purpose interpretive 
languages are not hard to im pl ement, as I 
have demonstrated for myself rece ntly, using 
a 6800 macroassembler to implement an 
in terpretive language for musica l texts, coor
dinati ng the organ keyboard and music 
synthesizer peripherals of my homebrew 
system. Having too ls such as my present 
Pasca l system, a LISP or a GPM would cer
tain ly have helped this process. But the pro
gram had already been nearly completed 
using last year's tools of my system. 

The su bject of special purpose inter
pre tive languages for particular app li cations 
such as robotics (or music, or househol d 
control, etc) is one wh ich is worthy of much 
tu tori al discussion. Th e problems of des ign
ing such a language include identifyi ng the 
pri mitive operations requi red, picking a 
strategy for creating and debuggi ng inter
pretive texts, and choosing contro l struc
tures appropri ate for the ap plication . 
Choosing an existing inl"erp reter for a lan
guage such as LISP or GPM as a basis upon 

Circle 401 on inqu iry card . Febru.ry 1979 © 1lYTE Public.llions Jn, 199 

http:Febru.ry


Circle 77 on inqu iry card. 

PET 

GET HARD COPY FROM YOUR 
COMMODORE PET USING A 
STANDARD RS-232 PRINTER 

The CmC ADA 1200 drives an 
RS-232 printer from the PET 
IE EE-488 bus. Now, the PE T 
owner can obtain hard copy 
li sti ngs and can type letters, 
manuscripts, mail ing labe ls, 
tables of data, pictures , in
voices, graphs, checks, needle
poi nt patterns, etc., usi ng a 
standard RS-232 printer or 
term ina l. 

whic h to build more deta iled software is 
ofte n a good stra tegy. One can also use the 
"reinvent the wheel" method at a low level, 
as I did with my music execution language. 

Thi s problem of designing a control dis
cip lin e for a compl icated elec tronic or 
mechanica l system is what uni fies the ex per i
me nta ti on with softwa re and hardwa re that 
is ro botics. It is impossi ble to build a robot 
arm which ca n be the outpu t peripheral of a 
Ch ess 4. 7 unl ess one has as good an under
standing of the software of motion as one 
has of the mechanical aspects of motion. It 
is impossible to ver ify a simul ation of 
motion which exists in software unl ess one 
is wil lin g to build the mechani cal system as 
well. The in teraction of the many ph ases of 
the mechanical, elec tronic, and software 
systems leads to all kin ds of opportuni ty 
for design error and the feedback process 
which produ ces a better des ign . Just as rea
ders have taken it upon themselves to get 
into the ni tty gritty detai ls of compute r sys
tems and software in order to become edu
cated about this exciti ng technology, I 
ex pect to see much more ev idence of this 
ex perim enti ng in robotics as ti me goes on. 

In summary, the state of ro botics for 

ADAPTER 

$98.50 ADA 12008 
Assembled and tested 

Order d i rect or con tact you r local computer store. 
Add $3 .00 fo r postage and handling per order. 

CONNECTICUT m icroCOMPUTER 
150 POCONO RD, BROOKF! ELO, CT 06804 
12031 775 .9559 

individuals is a field wh ich is only now 
beginning. Without the microprocessor inno
vations that make inte ll igent machines inex
pensive the personal computer woul d be 
impossible. And the personal comp ute r", 
wh ich provides inex pensive software tools 
fo r ex perimen tation, is what makes the key 
part of ro bots possi ble: their intelli gent 
operation. It is sti ll a base ment or garage 
activity with 1·espect to engineer ing of the 
mechanica l portions of a roboti c system, 
as further evi denced by this issue 's articles. 
But science fict ion is full of examples to 
tantalize the will ing experimente r to take a 
chance on creating a real system th at works. 
For the true ex perim enter, the fun is in the 
chal lenge of maki ng sc ience fiction real. The 
per·sonal computer is an em inently usefu l 
component in th is form of fu n.• 

REFERENCES 

Loof bourrow, T . How to Build a Compu ter-Con
trolled Robot, Hayden Book Company Inc, 
Rochelle Par k NJ , 1978. 

Raphael, 8 , The Thinking Computer, M ind Inside 
Matter, W H Freeman and Company , San Fran
cisco, 1976. 

The Independent Newsletter 

of Heath Co. Computers 


The independence of iJ1<Ss is a crucial factor in 
i ts significance to users (and prospective users) 
of Heath Co. computers. Information on new prod 
ucts is presented to Busa readers as it leaks out 
of Benton Harbor, not held back to suit the plans 
of the manufacturer. This has been true from its 
first issue, which directed attention to the 8080 
and LSI-11 months before any advertising appeared 
on the H8 and Hll. iJuss features candid accounts 
of owners' experiences with their computers--this 
is far more valuable than an article based on the 
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opinions of a single reviewer. It shares news of 
compatible hardware &software from other vendors 
as well as reviews of books that can help you get 
the most out of your computer system. 

Every issue of Buss travels by first class mail 
(outside North America i t goes by air for only $2 
extra) . Your 12-issue subscription can be on its 
way to you within a week. You have the choice of 
starting either with the latest issue or with all 
available back issues . Send $7.50 to Buss , 325-B 
Pennsylvania Ave . SE, Washington, DC 20003. 
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Control Logic In traduces IEE E-488 
Bus Interface 

Control Logic Inc has announced the 
addi1i on of a bus for its M Series of mod· 
ular microcomputers. The MEE-888 is an 
interface bus (GPIB) that meets the re· 
quiremcnts of IEEE Standard 488. The 
functions of talker, listener and con · 
!roller may all be accomp lished using 
thi s interface with the appropriate con
trolling software. The MEE-888 is con
tained on a single 3.5 by 4 inch (8.89 by 
10.16 cm) card . 

The M Series microcomputer uses 
either the 8080 or Z-80 processor and 
has up to 64 K bytes of memory in any 
combination of programmable memory 
( 1 K and 4 K byte boards) and erasab le 
read only memory (2 K byte, 2708 or 
8 K byte, 2716). In addition to the 
IEEE-488 interface, both seria l and digi 
tal inte rface boards are o ffered as we ll as 

a complement of analog input and out
put (10) with 4 to 20 mA signal condi
tioning options. 

The ME E-888 inter face bus is priced 
a t $495 . For further information contact 
Control Logic Inc, Nine Tech Circle, 
l)l a tick MA 01760. • 

Circle 544 on inqu•'V canl . 

Teletek System Central Inte rface 

The System Central Interface (SCI) is 
designed for use with the S-100 bus. The 
SCI provides a serial port with RS-232 
and 20 mA or 60 mA current loop capa
bi lities and speeds from 45 Lo 9600 bps; 
th ree independent 8 bit parallel ports; a 
high speed cassette port capable of read
ing and writing biphase (Tarbell). CUTS, 
and Kansas City with data speeds from 
800 to 100,000 bps; two on board relays 
for control of two recorders; three status 
lines to control an automatic tape deck; 
256 bytes of programmable memory for 
stack space and buffer storage; a 2708 
programmer; two 2708s with a 2 K byte 
system monitor program and space for 
an additional 2708 . 

Contac t Teletek Enterprises Inc, 
Dept 16, 11505B Douglas Rd, Rancho 
Cordova CA 95670. • 

Circle 546 on 1nQutty card. 

Tracing Computer History 

This pictorial evolutionary illustra· 
tion traces the history of computers 
through more than 30 years of develop
ment. Beginning with the Mark I, the 
tree branches out to link together each 
successive generation within a company, 
forming a continual fami ly structure. 

This 18 by 24 inch poster names each 
model and the year it was introduced. As 

an ex ample, lhe tree shows the IBM 607 
making its appearance In the 1950s. It 
branches off to the IBM 7094 In the 
early 1960s, the IBM S1rstem 360 start· 
ing in 1965 and the IBM System 370 i11 
Lhc early 1970s. 

The poster is ava il able for $10, and 
outside the United Sta tes, for $15. For 
further in formation, contact MIC, 140 
Barclay Ctr, Cherry Hill N) 08034 .• 
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8 Digit Panel Display 

The Microport 8 Is an 8 digit, self· 
contained, general purpose panel dis· 
play. Packaged much like a data proc
essing manager, it contains al l the 
timing, memory and multiplexing elcc· 
tronics required for interfacing to an 
8 bit microprocessor port (one TTL 
load). The processor provides the unil 
with an 8 bit output word only when 
the display is to be updated (three bits 
to se lect the charac_ter to be updated, 
four bits to select the data and one bit 
Lo strobe). 

Two character fonts, hexad ecimal 
and ex tended decimal, are provided. 
Each can be used on either half of 
the 0.5 inch high LED disp lay. 

A holder is provided for the user LO 

insert a legend strip or . log. 5 V at 800 
mA max imum is required. 

The price is $109 and the unit ca n 
be obtained frol)1 Telesis Laboratory, 
POB 1843, Chillicothe OH 45601. • 

Circle S4 7 on inQuirv card . 
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New Flowchart Form Speeds Debugging 
and Aids Logic Clarity 

3 Color Wire Dispenser Cuts and Strips . 

The WD-30-TRI dispenser from OK 
Machine and Tool holds three colors 
of wire and features a built-in cutting 
and stripping mechanism. The refillable 
dispenser holds 50 feet (15.2 meters) 
each of red, white and blue Kynar 
insulated silver plated solid copper 
wire. Designed for wire wrapping, this 
dispenser is also usable for other wiring 
jobs. The WD-30-TRl is priced at $5.95; 
the R-30-TRl 3 color refill is $3.95. 
Contact OK Machine and Tool Corp, 
3455 Conner St, Bronx NY 10475.• 

Circle 627 on inquiry card. 

Service and Repair Manual for 
Electronic Games 

How to Repair Video Games by 
Robert Goodman Is a 270 page service 
manual containing information on prod
ucts sold by manufacturers of electronic 
games. Each ch apter of the manual is de
voted to an individual manufacturer's 
equipment. Tl1e three integrated circuit 
manufacturers covered are General In
strument, Texas Instrument and National 
Semiconductor; equipment rnanu fac
turers include Magnavox , Atari, Radio 
Shack, RCA and Midway. The manual is 
$7 .95 and Is available from Tab Books, 
Blue Ridge Summit PA 17214.• 

Circla 628 on 1oquuv card. 

Flowchartrix is a new flowchart work
sheet designed especially for individuals 
who develop programs for minicom
puters and microcomputers. The Flow
chartrix 78F2 contains a matrix of 77 
logic blocks (seven col um ns by 11 rows). 
The 7 by 11 matrix has a central column 
for executive control logic, plus three 
columns on each side to describe loops 
and subroutines. These columns allow 
room for users to write loops that are laid 
out visual ly as loops. Each matrix cell is 
labeled with an alphanumeric code to 
give it a reference address when added to 
the page number in order to help track 
logic flow from page to page, and give a 
specific reference to note when actual 
coding begins. To further speed initial 
logic development, the 78F2 incorporates 
special guide marks in every matrix cell 
to aid in the drawing of most common 
standard flowchart shapes freehand using 
a pen or soft pencil. 

The 78F2 is 3 hole punch with 
folding guides designed to fit neatly 
in a standard 3 ring binder. 50 sheets 
to the pad , the new forms are available 
in 2 pad packages, 10 pad boxes, and 43 
pad cases. Inquiries should be addressed 
to Stirling/Bekdorf, 4407 Parkwood , 
San Antonio TX 78218.• 

Circle 629 on Inquiry card. 

New EXP-4B Quad Bus Strip 

The newest member of the Experi
mentor family, the Model EXP-4B quad 
bus strip, has been introduced by Conti · 
nental Specialties Corp, 70 Fulton Ter, 
New Haven CT 06509. 

The EXP-4B adds signal, supply and 
control line expansion capabilities. The 
unit is 3/8 by 3/4 inches (0.95 by 1.9 
cm) and includes four 40 point bus 
strips. It also features tongue and groove 
sides for assembly into interlocked 
arrays. The EXP-4B is priced at $4.• 

Circle 630 on 1nQu1rv card. 

Data Rate Generator Operates with 
5 V Power Supply 

This Model COM8046 data rate gen
erator is a program divider using deple
tion mode loads to allow operation 
from a single +5 V power supply. The 
COM8046 is dedicated to generating 
the full spectrum of 16 asynchronous 
data communication frequencies for 
lX, 16X and 32X USART, ASTRO, and 
USYN RT devices. 

The unit contains an on chip crystal 
oscillator for use in providing the master 
reference frequency. Alternately, an 
external reference may be supplied by 
applying complementary TTL level sig
nals to pi11s l and 2. 

Contact Standard Microsystems Corp, 
35 Marcus Blvd, Hauppauge NY 11787.• 

Circle 631 on inquiry card. 
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_____________ _ 

THE BEST FOR BOTH WORLDS 
Factory prime electronic equipment for both the 
discerning hobbyist and the professional 

TheNew 
HobbyWorld 
Catalog 
Your source for factory prime, professional 
quality equipment. Computers, add-on boards. 
IC's. sockets. resistors. supplies. tools. test 
equipment, books, and more. Shop your buy list 
at Hobby World. You'll find what you want, and at 
a solid savings. 

This month's specials. -----------------

16K MEMORY ADD-ON FOR TRS-80, APPLE, 

& EXIDY SORCERER 

With RAMs. jumpers. and Instructions. Hobby World 

price only $98. (Specify when ordering) 


THE NEW ELENCO 3Ya DIGIT SOLID STATE 
MULTIMETER 
Tops In performanceI Measures resistance to .01 ohms 

voltage to 100 1N . current to 1µA Our p rice only $75 

assembled & tested. $60 kit. 


16K STATIC RAM KIT, MODEL XVI. 

IEEE S-100 compatible. requires only +Q Volts. 

450 ns. fully buffered. Bank switching capability, 

Phantom Line. wait state, addressable in 4K 

b locks. New from CALIFORNIA COMPUTER 

SYSTEMS! Our Price only $265 kit. $27 Bare Board. 


C-10 DATA CASSETTES 
Perfect for TRS-80 and all recorders operating un'der 
KC or Tarbell standards. With positive tape path 
control. Price only $2each!10 for $17.50. 

PROM PROGRAMMER 
New from OAE! Pocket size. Read. program. verify, 

duplicate. Plugs into any read only PROM socket. 

With features like Zero insertion force socket. c ermet 

trimmers. and 5 ' of connecting ribbon cab.le . Hobby 

World price only $275. 

Type # 1087 programs 2708's and TMS2716's 

Type # 1088 programs Intel 2708's. 


PORTABLE PAPER TAPE READER 
No moving parts. interfaces with all micropro
cessors via an 8 bit parallel port. Complete with 
precision optical sensor array. high speed data 
buffers. all required handshake logic. 4 status 
LED's, fiat ribbon interface cable and complete 
instructions. Hobby World price only $74.00 kit. 
$87•50 assembled and tested. 

TRS-80 SOFTWARE 
Order by Catalog Number. 
CAT NO. TITLE LEVEL PRICE 

1093 Sargon: Chess Program 2 $19.95 
1040 Galactic Blockade Runner Yi 9.95 
1041 StarTrek Ill 2 14.95 
1043 Small Business Bookkeeping 14.95 
1045 Bingo 5.95 
1036 SCI-Fl Game Sampler 5.95 
1037 The Magic Isle 5.95 
1038 Inventory (Modular) 19.95 
1047 Othello 5.95 
1048 Machine Language Monitor 23.95 
1049 Micro Text Editor 5.95 
1050 100 Programs. Home. Business. 

and Games 2 49.50 
1051 Dally Biorhythm Program Yi 5.95 

-----------------~---------------------------------------------------------------------------
Hobby World 
19355 Business Center Dr ive *6 
Northrld ge. CA 91324 
SEND ME A CATALOG I 

Nome 

Clly s101e 

Order by moil. Just write . Or order by phone.Toll free outside 
California. 

TELEPHONE ORDERS 
Inside Callf: 213 886-9200 
Outside Callf: 800 423·5387 

Circle 170 on inquiry card. 

SEND ME THE FOLLOWING SPECIALS! 

Item Quantity 

Postage/Handling 

Satisfaction 100% Guaranteed 

Coll!ornio Reslden!s odd 6% Soles Tox 
Charge My MC " 

VISA 
Signo!ure 

Price 

S1 .50 

Expiration______________ 
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@!. 
MS·15 

MIN/SCOPE 

GOLD WIRE WRAPffimlr 
SOCKETS ~~~~~~~ 
Sockets purchased m multiples of 50 per type may be combined for b~st price 

0)/ • 15 megahertz bandwidth. 

10 70 • External end lntorn1l trigger. 1-24 25-49 50-99 100-249 250-999 1K-5K 
J\.~"li\. • Tlmobuo- .1 mlcrotoc . Oo0.5S.cJdl• · 21 PROBE 1~ 

S D-" J!.' . i~~ttl=~·~,~l~~Qpetatlon . 8 PROBE 1( wUh th11 

8 pin" .41 .38 .35 .31 .27 .23 
14 pin" .39 .38 .36 .32 .29 .27

Prices reduced to . Aulomatlc& lln..ync mOd••· pu1 c h•U or S COPE 
..,. • Pooitwercon11,m'C)llon < 1$w1111 •nd lh111 MENflON o l 16 pin• .43 .42 .39 .35 .32 .30 

LM3A 3 dig 1°/o DC . , .. .. ... $120.60 : ~:';1.~~::: ;-ro! ~o:..1J ~~"'2"" 1 11Gt:.3"- 1n ;1 MAG"ZINE 

LM3.5A 3 112 dig .5°/o DC . .. . . $142.65 : ~Jt.;:!_r.:~.:~"-0• 3 po.-J • ,,,. 

LM40A 4 dig .1% DC . . .. ... $188.10 . ~•- ....,....u" s•s. 
LM4A 4 dig .03% DC ... . .. . $225.oo..•.M_s••2'!'1.s.,D.,u.,•l..T.ra!!"ce--V"!!a!'!!rs.,io!!"n!!"o""f""M'!OS!!0-1""5!!'!!o$!!"4•3"'!5!"••·... 

Rechargeable batteries and charger In· \.<r, S-100 BUS EDGE CONNECTORS U'"I 

E~:.:1~ea DC Volta, AC Volts, Ohms and ~~ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii <~ 

18 pin .63 .58 .54 .47 .42 .36 
20 pin .80 .75 .70 .63 .58 .53 
22 pin• .90 .85' .80 .70 .61 .57 

24 pin .90 .84 .78 .68 .63 .58 
28 pin 1.10 1.00 .90 .84 .76 .71 
40 pin 1.50 1.40 1.30 1.20 1.04 .89 

Automatic polarity, decimal and overload ~~~~:~~~:._~~ · ~ e~. ~ ~:~~~0~ 1 ~.~"~11 ·~~,~~•ced 
Indication on ~ JpKeO •Owl GOl D pl~J.U fO.... lot \I CCtOR and lrd A~I tnc) lh.i1 

•Measures DC Volta, AC Volts, Ohms and ,.. s-w 10-2• tio•11u c olo g1..1t(3 

All soc.k.e11 are GOLD 3 level closed •nirv •End •nd stde uaeable 2 level. Solder r.11. Low 
Proft lo. Tin Soclr.e1 s and 0 1p Plu s av1 tl1ble CALL FOR QUOTATION 

Current Moo n rs n .so sj::C, s~_!s ~~:: 
LIQUID CRYSTAL DIGITAL 

CLOCK·CALEN DAR 
Automatic polarity, decimal and overload Ro11a :,oirno eo"• •1!1 c: u \ rn P RMM !>Ol •oo CA"' 11)"'" 
lndlcaUon ~1.~EL~ "11~• L,:1 n!::O:~~~eoc:g~~ ~~~geo SOLOEH cY CLn 1a11a. 

• No zero ld)u1tmen1 and no fu ll·scale ohm1 o• •te<1 17.!l 
adluet 1.c H 1o:u 
B•t!O<Y-Opertt!Od - NICed bolterlea; aloo AC IS.00 ..... ..... 

• For Aul o, Hom9, Otflc• 
• Sm.all In l lH (2a:2~:w t\) 
• P1.11h button ror seconda rele11e fOf d11e. 

line operation. Olher Popular Edge Connectors • Ctock• mouril anrw*• wtll'I •llhlM' lM dO\lbl• 
•l<lld 19'141 or VE LCRO, lncl!KleclLalge LEO dl1play for eaay reading without R1.....o w.u eo" ' 1!t6 c11 J. RMA·J 12.i•• com 1!16 c1u w1R E. 

lnterpol1tlon PIEAC EO SOLDER EYL E t . . .... WRA P I•••• GO LD 
• 2 MODELS AVAILA8LE; 

Slze: 1.0"H • 2.7''W ••"D 00,L~ Olat ';', 10.2• s.: ·~ s~~s ~t:: 
Patti l llbOr guaranteed 1 r.., u .oo n ,15 n .so 

LCD·10, , portable n-.od91 nm• on NII.contain.a 
NU•r~H fer IMIH ... lhM. ~·-· 
LC0.102, rvna. on 11 Voll ·.-,.1.m Md I• bec:ll· 

THI atand opUon •• • •. ••• •••••••••• . • • • • • . ••• I 1.50 
Le.th« C&lil • • • • • • • • • • • • • • • • • • • • • • • • • • • • • $ 20.00 

' " """*''1............. 
..... .. . , . 11. _,,.."" ......... 
Ultd  .... ~·••,..... .... .,..., c...... .................. 
111.u _.,.._'4119'"' 

_..._ 8803 
MOlHEA 
llOAAllRll 
S1IO IUS 
lllCRO· 
COllMBIS 

•,,o. ....., ..nDM<•-1~
'°"* Mlllllltl&l!til .. O.lt._. 
........ iuo, 

• s.tllM$.looW!llWlllM ............ 
~~ltfwM •~"""' 
1Jthol1 

· ~· · ·'~ llXl~l l ' ro. l )M ltt(tflt9 1 """' l»IM llCWC!llt 
VldlrNll~b91 llU•·l . •llWll!(J IO •IUO· 
~1Dln .-.i~\~~~Oll¥CI 
llr t•~ 

• liaMlf\r1tl>M ~twft ""4 ..\lnlCMllll *.... p . . 
. ~~°' .::,..v .~y~=:":s 1. ! , t\'., 16'1 .,. rice. 

.l.W l$J Cwi.t1Niql 61fll9flllll·$TIHt~..t11 11PC 
•M 

. ,., ...v..""".rc:""""" 
• tlf1•1Wi.UIOIG~1'1rt~~ 

1t16 Ui1ol BOARD 
.042 dia holes on 

0.1 spacing for IC 's 

SIZE 
4.5x6.5" 
4.5x17" 

PRICE 
1·9 10·19 

$1.56 $1 .40 
$3.69 $3.32 

llgl\1.0 
• LCO.IOl 0tlCl>-lllll 

..-c.'haoc• 

'J/i!iJOi Plugboards 

-M1croc ompu1er / proces.sor 
prugooa1a us. e w1111 S· 100 llu !. Com· 
plele wnn nea t sin\! & hilrcJ ware 5' J .. • 
10 • 1116

•·•S19.9S 
s-9 

Sll .9S 

8801-1 

10-Z• 
SIS.9i 

Same as 8800 Ve1ciep1 pla tn . less DOWer 
Du se s & neia1sink 

•· • 5.9 
14.95 

3682 9.6" x4.5" 
$10 .97 

3682-2 6.5" x 4.5" 
$9 .81 

Hi ·Denslly Oual-ln· Llne 
Plugboard for Wue Wrap 
wilh Power & Grd. Sus 
Epoxy Glass 1/ 16 " 44 
pin con spaced .156 

3677 9 6" x4.5' . 

$10.90 
3677-2 6.5" 14.5" 

$9.74 
Gen . Purpose 0 .1.P. 
Board s with Bus Pattern 
for Solder or Wire Wrap . 
Epo~y Glass 1116·· 44 
pm con. spaced .156.. 

Perleotly bolancod lluorascent lighting 
with precision magnfllor lens. Tough 
thermoplastic ahade. Easy lens r&
moval. Now wire clip dHlgn permits 
eHy lnslallallon and removal of 
fluorescent lube . Comes wllh plastlc 
ohleld 10 p<olact tube from aolllng and 
damage. 
Coto11: Gra~. IU1c:k , •no Chocolale &own. 
Cornoa with on1 22 w11t T·i ~tcllno fluorH· 
cont lube. 3 dlopler 1on1. 

··· ·· ....... 
• , t.UtlUUllUlllUll,_ 

: 12 .i;B 5 . ·= ;: "'":'."~·~:·"'~" . 
Brighi Green Fluorescen1 Display Crys· 
tal Time Ba se Assembled . just add 
swilchesand 12 voe . 

3890-12 
CARD EXTENDER 

Card Extender has 100 con
tacts 50 per side on .125 
centers-Attached connec
lor-ls compatible with 
5·100 Bus Systems . $25.83 
3690 8.5" 22144 pin .156 
c:tn. Extenders .. . . $13.17 

14  G3 100 for 
$30.00 

16-G3 100 for 
$30.00 

_14CS2100for 114" 
n---·, ,18CS2100 for '18" 

14 pin CS210 for •2'• 
, -f 11 Oln CS2 I for 12'1 

TlttH low COii DIP lock.Ill will tcctpt 
bOlh 1t1ndard wknh plugs an<1 chlpa. 
For \IM • Ith Chip•, II'\• .oclwla OUM • IOW 
profli. height OI only .125" -.bOYe the board. 
T'MM M>CDta are end aueubl•. 

~ 'l PRIORITY ONE ELECTRONICS© 24 PIN DIP PLUGS 

WRAP POST 
for .042 dla. holes 

0111 boards on lhls page) 
TWC pkg . 100 .. I 2.34 I 
T44/M ~::&; ..... 114.35 ' \ 
A·13 hand In al airing 

1001 ·••• • •• s 2 .114 

.,, WITH COVERS
167238 Roscoe Blvd. Sep ulveda. CA 91343 ' _., 

Terms: VISA . MC, BAC. check . Money Order . C.O.D . U.S. Funds Only CA residents add 6% sales rax M1n 1· ,.· · 
mum order $10.00 . Orders less lhan $75.00 mclude 10 % shipping and handling; excess relunded . Jusl In case . ' 

• please Include your phone no GOOD THUR MARCH '79 ~ 

phone orders welcome (213) 894·8171 



Includes cabinet, 18 amp power supply , 
S-100 compatible STREAKER-12® (12-slot 
motherboard), and dual-disk provision with 
disk power supply. The CM5000 Is fan 
cooled, has AC line filter to eliminate EMI, 
and Is fully-assembled and factory-tested . 
Power and reset switches are located on 
front panel. 

MOTHERBOARDS 
• In 7, 12, and 22-slol versions • S-100 compatible 
• Connectors have bifurcated. gold·plaled contacts 
• Ground plane surround ing each signal 
• Compellble with lmsal chass is 
• Power connections compat ible with power supplies In 
PSS's CM4600, CM5000, and CM5200 Computer main· 
frames . 
• Fully-assembled and tested at factory 
• No isolation hardware requ ired for mounting. 
Streaker 7 . . .. . __ .. . . . .. . .. .... . 
Streaker 12 . .. . .. . . .... ..... . . .. $99.00 

treaker 22 . .. .. ...... .. .. . .... $159.0 

• KIM~ compatible. BK x B bit static RAM 
•can be connected directly 10 KIM·1°' 
• Plugs directly Into KIM-4"' motherboard • 2MHz 
• Addressable In BK steps 
• Allows expansion of KIM" computer l\P to 65K 

of memory 
• Memory protection activated I deactivated by 

DIP Switch 
• Buffered address and data lines 
• Operates from either an unregulated B volt or a 

regulated 5 volt power supply 
• All !C's mounted in low-profile sockets 
• Assembled, tested, burned-in at factory. 

s17900 

• S·100, BK x 8 bit stat ic RAM 
• 4MHz 
• Addressable In BK steps 
• Memory prolectlon In 1 K Increments . from bottom board 

address up or lop down 
• Memory protection activated I deactivated by large, 

easily accessible switch 
•May deactivate up lo six 1K segments of board by use 

of jumpers to create " holes" for other devices 
• DIP switch selectable wall states 
• Phantom line jumper 
• Schmitt trigger-buffered 1/0 lines 
• All IC's mounted In low-profile sockets 
• Assembled, tested, burned·ln al factory. 

OPTION: RAM8B-2MHz 

s45900 
"Please Include suffl· 
cient funds to cover cost 
of shipping of Main· 
frames . · 



Data Splitter Kit 

Intelligent Power Strip Controls up to Four Power Devices 

The Intelligent Power Strip (I PS) 
allo ws a computer to control up to four 
high power devices. Transistor-transistor 
logic (TTL) level lines make interfacing 
with a com puter easy. The IPS allows 
phase cont rol , letting software control 
motor speeds and dim lights. It also al· 
lows on and off cont rol and random or 
zero voltage swi tching of all common 
household appliances. Using one of the 
power outlets, the driving computer can 

turn itself off. All inputs from the com· 
pu te r arc optically coup led to protect 
the 'computer hardware. Full protect ion 
against power fail ure and voltage surges 
is also provided. The Intell igent Power 
Strip sells for $129 .50 and comes fully 
assembled with a 5 foot power co rd and 
an app licati ons manual. Contact Re
search Computer Systems, POB 1214, 
Rich ardson TX 75080.• 

Circle 551 on inQuiry card . 

Terminal Data Corporation has made 
its Model 1200 RS-232 Data Splitter 
available in kit form. The Model 1200 
gives the video terminal user a second 
interface for a printer, plotter, cassette 
or tape drive . It operates at any speed 
and isolates the two output devices 
from each other, while providing two 
RS-232 interfaces from thE terminal . 

The kit consists of three RS-232 
connectors, printed circuit board, all 
necessary components, enclosure, 
mounting hardware and assembly in
structions. It is priced at $49 and can 
be obtained by writing the company 
at 11878 Coakley Cir, Rockville MD 
20852.• 

Circle 552 on inquirv card . 

Tape Signal Conditioning Unit Makes 
Program Loading Easier 

The Fu tureworld FW-100 tape signal 
conditioning unit features generation of 

New Vector jump and Prototype Board 

The OB-1 board is a vector ju mp and 
prototyping board th<1t is plug compatib le 
with all S· 100 bus mainframes. T he 
board has a fu ll 16 bits of vector jump 
address and can jump to any individu al 
addressable locat ion . Additional feat ures 
of the OB-1 include prototyping areas on 
the board for ten 16 pin integrated cir
cu its, three 24 or 28 pin integrated ci r
cuits, plus two spare regulator patterns. 

206 February 1979 © BYTE Public.,.lons Inc 

The OB· 'I will work with or without 
phantom disable, and can be se t to jump 
on power on c lear, reset, or both. The 
board includes gold plated edge co n
nector contacts, and Tl low profile 
sockets. 

The price for t11e OB-1 is $54 .95. Fo r 
fu rther information contact SSM , 2 116 
Walsh Av, Santa Clara CA 95050.• 

Circle 554 on in~uir"I card . 

saturate d rectangular waveforms from 
noisy cassettes (the unit will tolerate at 
least 5 decibels of dropout) and works 
equally well with low (TRS-80) or high 
(Apple, Tarbell, etc) transmission rates. 
It Is contained in a small, insulated 
potted module which measures 9.84 by 
11.81 by 3.94 inches (25 by 30 by 
10 cm). Four wires connect to the sup
ply voltage, input, output and ground. 
The unit uses all CMOS circuitry and 
operates from +4 V to +9 V; current 
drain is less th an 1 mA when operated 
from a +5 V supply. It may be installed 
inside the computer if desired. 

The FW-100 is priced at $7.69 and is 
available from Futureworld Personal 
Systems Store, POB 2252, Chapel Hill 
NC 27514. • I 

Circle 553 on inquirv card . 

Desk with Slide Out Card Cage 

An attrac tively styled desk with 
slide out ca rd cage and power supply 
rack has been introduced by RD Elec
tronics, POB 243, Rich field Springs 
NY 13439. Plug-In power line filters, 
power supplies and blank cards are 
available. 

RD Electronics carries a complete 
line of electronic components, power 
supplies and accessories for the personal 
computer user.• 

Circle 555 on in~ui..-y card. 



HICKOK LX303the value innovator 

ALL.THE MOST WANTED FEATURES 
AT A MOST WANTED PRICE .. • 

BIG fh'' HIGH LCD 
DISPLAY 

USE INDOORS OR OUT 

200 HOUR 9V BATIERY 
LIFE 

AUTO ZERO, POLARITY, 
OVERRANGE 
INDICATION 

Available Acceesorles 
RC·3115V AC Adapter .. . .... .. . . $7.50 
CC·3 Deluxe Padded Vinyl 

Carrying Case .. .... . .. . .. . .. . $7.50 
VP·10 X10 DCV Probe Adapter/ 

Protector 10Kv .. ...... .. .... $14.95 
VP-441 40Kv DC Probe .. . . . ... .. . $35.00 
CS.1 10 Am?. Current Shunt ... . . . $14.95 

-1 .:-·:L ..JJ -· . 
cc:atc::a:i::1ccc · < 

, I'/ r · , 
• • . ' ~I ' 

11 1,1,\ Ill \I . llrJI • -

s74_95 
100 mV DC F.S. SENSITIVITY 

19 RANGES AND FUNCTIONS 

Here is the handful! of 
accuracy you've been 

waiting for. Handsomely 
encased. Compact. Effi

cient. Only 8 ounces. 
Hickok's exciting, new 
LX 303, 3% digit Minl

Multlmeter with high 
quality components, one 

year guarantee and 
rugged Cycolac® case 

offers features previous: 
ly found only in expen

sive units .. . at a price 
under $75.00! So why 
wait any longer? The 

amazing LX 303 is here, 
NOW! Another 

American made test 
equipment breakthrough 

from Hickok. 

SPECIFICATIONS 
DC VOLTS (5 RANGES): 0.1mV to 1000V; Accuracy 
±0.5% rdg ±0.5% f.s.; Input imped: 10Mn; Max. in· 
put 1kV except 500V on 200mV range. 
AC VOLTS (40Hz to SkHz): 0.1V to 600V; Accuracy: 
± 1.0% rdg ± 0.5% f.s. (-2dB max. at SkHz); Max. in· 
put: 600V. 
RESISTANCE (8 LOW POWER RANGES): 0.111 to 
20Mn; Accuracy: ±.05% rdg ±0.5% f.s. (±1.5% rdg 
on 20Mn range); Input protected to 120VAC all ranges. 
DC CURRENT (8 RANGES): .01nA to 100mA; Ac
curacy: ± 1.0% rdg ±0.5% f.s. 
DIMENSIONS AND WEIGHT: 5-7/8" x 3-318" x 1·314", 8 
oz.; POWER: 9V battery (not Included) or Hickok AC 
adapter; READ RATE: 31sec. 

. PRIORn-Y ONE ELECTRONICS@ "<'2 >.~ 
~..... 1 ~z~~~'<.2;s;;,;.~1~~; :.e;~~!~";?.~;..~:-.~.:.?.~~... a. r:>~<?,)

mum oraer $10 00 Oroers less lh•n $75 00 1nc1uoe 10% shopping ano hano11ng . excess rel unoeo Jusl 1n case "Y ~ot'\. 
please on cluOe your pnone no GOOD THUR MARCH '79 V~ 

Sena lor our la11s l brochur• phone Orders Welcome (213) 894-8171 OEM ano ti>st., utoonal 1nquu1H '""'""· ~ 



AY·5·9Ul0 $1< .95
ri-';1~1trf Sfm~ zs 
-. l,i?O ,.TTL  AY-5-9100 14 .95 

SN7~00.,. 115 $117.UJN -3S ShlU l!iON 89 AY·5·9500 '-95Jum!f.,~1! ~ Kits 
AY·5·1316 14.95SH74tl 1N Ul S9U74tl l!i ShlUll!o1N .at HD01!5 7.9>Shl1402H 1& S hl 741~N 4!1' SN7416211 US 6-Digit 7<C912 99!> 

&NUD4H •e SH747iN Hiil SNW54N .n 
SNUl)JH II SN7-'115'f l~ SN74163fl .B9 Digital Stopwatch Kit 

ICM CHIPS. use lnlil:!rs117W5 Ch1p ClockSN14 0SN "20 SHNISCIN SO SN74165N' .H ICMT045 CMOS Pr~slon Timtr 2'4.9S• Partd ,n111i1a11t1r.t·!cd10S:lmOGH XI SN74.ft 2N 99 SNW66N l,2S ICMl205 CMOS LEO S1cp-wa.tch m rntr 19.9SP.C Br.;1an:1SNH01H l9 Slt 74 1!.3H ~ SNHl 67N 1.95 Kit ICMl207 O:wjllaior C.Ontrolle1 7.50 .. lEOth~llLIV lr~ IsrmOBN 21) ~74'"N 1~ SNW ,(IH 159 ICM1208 Sevtn Deca<l'e Cou111e' 1995 . lWJijht JCIDhl ~111m(lnU1'10IJtQajJ>\lrSNl•l)i.'i 2'(J ~tmi56N 15 SNHIU'N 6.00 l~I . 11mes 10: 59 min 5~59 sec with ICM/209 ClodcCfiMr-at.a.r 6 95• Use5 MMSJ 14 cl!tdl<:ti. lc:r 
Slf741 JPl 7~ ~N9GN ~5 SN 7U74N 89 
SN74 10N 1IJ S.Ul4&g~ I 7S SN1073N 1.1-!i J..ito •<:~~' 

.. SW11cf"roslorl1out!ii , m111u1es.indlicild t..incr1Gns• Ql).Jrt1 c;iyst.lil co~rol l~t1 NMOS AEAO ONLY MEMORIES .":. -.. ' SNW2'H 2'S SN7-4~rn ~ SN1075N .1i • tlEMJP :S t.Jl.11~ ~leYl'.ll>Je lO 20 !c~I• l h1ee !I041w~ 1 c:ttesrn or-i: MCM6571 129 X9 X 1 ASCII Sll.l t•ed wilh Greiek 1J 50.. -..· '5N74UN 40 S•·m!mr 4;1. SNUl71SN ,re • Sim11IJIDLJwaJ nl1'1 CiSC!sml)le ~'itJll , split (curnmul~ tr ~l!'I MCM6574 128 X' 9 X7 Mai\JI S'.'mbol & Pie1ures 13.50 
~:r n1 ISN~414N 10 SN'~ 4 9.}.'f 43 SN7071N ,l!J • 115 VAC o'm~llt:IB~n!J layl(M l5~qut11111 l 1H1 11 ng l MCM6S7S 121!1 X9 X 1 AJDtl;anumnlic Cor!lrol 1J 50SNU lij.lf 2'S SH'14!J.llt 66 SNU 179N 1.95 '" ' •• '"'' ,, r ., . 120124 J1outut1~.io11on• Ust1s 3 c:ranl ll.c 1N.1ta r1 ~ s Cllaradt1 G1ttttraior 

~m IJN' 25" S~l7495N 65 SN1.l ISON .11 • lnthuies ~ II C(lm,pol)tn•s. c~~ .;mu "''a ll 1 r ~nsrowrnr• S11n 4 s.· 1 l 15" :t 90" 
SNl"1(1N 10 SH1•'ilfJ'I ~ SNU1&1N 1:US • $110 0·3.W ~ 3· 118'" x 1·3WJ.mSNUWf 2'9 SN74 91N JOD SH1.0BlN .79 ~ JE900 $39.95 
SPH41W 39 srm100.11 .fl9 SH14U4N 1.95 JE701 $19.95ALSO AVAILABLE :SNl•W~ .,~ Si!f7410Uf 35" SoN1·UBSN 1.115 

SN><m " s.Hlo°'" ·" SH1'1BON ' ·" JE200 5v lamp powersupply$14.95 JE2206B Function Generator $19.95 
SNH26H ~ SN7.. 11 0N 1 9!1 SH74 18SH 3.9:$ J 6 · [ 29 95 
s•"?" " ' "'""" ,. SH'""'" 1. 2S l 1...;cflo~c~k~k~i~ : .:9:5=J:E:-7-4_7-;:u ·d:':9:':c:lo:c:k:k:lt==trJiiE'C73~0Mi4ii·d::i~gc t -::;;iiiiid14 :m=b:o::::: · :;-139 25 
'"""" s.Hmn• w SHml•• 1. DISCRETE LEDS W 

1 1~~:: ~ ;~;::i~ :: ~::: :~ -- LIOUIOTCIMAEYXSTTA L000 1SPLAYSNU~lrf ~ 5PH02'6.'t - ~ i SH74 111•Ul ,e;g .2ocr dl1. 
SN1.f.38Pt 25 SNU132N 7!1 SH7•t95H .SS XCSS&R reo 51$1 .u&· dl1. Flt:" LD (;(.f(CT 
Sf.il7t39" 2S. SPU413 ti1l 1!1 SH7-4 196.tl .19 XCS56G green 41$1 XC209A rad S/$ 1 
SH7U~ Xt srm1 u1N 7'51 SH141i1N .in XC556V' Yt!llOW 41'$1 XC209G gretn 41$1 
5'11.U IN ,ag S>'l1041N as SN7419~ 1.4g XCSSSC cim "1/$1 XC2'09V 'ft!llOW 41'$1 
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llMOTI COBTROL 
TB.ABSMITTIB. a: B.ICIIVIB. 

=~ 

Part No. 
OB25P·4·P 
DB25P·•·S 
DB255·4·5 

DJl4 · 1 
0Jl6·1 
DJ2• · 1 
OJl4 ·1· 14 
OJ l6·1·16 
DJ24·1 ·24 

DB 25 Series Cables 
Cable Length Connectors Price 

4 fl 2·DP25P S15 95 ea 
4 fl l·DP25P11 ·25S $16.95 ea 
4 fl 2·DP255 S17 95 ea 

Dip Jumpers 
1 11 I 14 Pin SI 59" 
1 11 1·16 Pm I 79'3 
I tt 1·24 Pm 2 ;9 ea 
1 II 2·14 Pm 2 79 .. 
1 II 2·16 Pm 3 19 ea 
111 2-24 Pm 4 95 ea 

Far Cutom ClblH ' Jum ars, $11 JAMECO 1979 C111lo lor Prlcln 
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TRS-80 16K Conversion Kit 
Expand your 4K TRS-80 System to 16K. Kit 

comes complete with: 

• 8 each UPD416 (16K Dynamic Rams) 
• Documentation for conversion 
TRS-16K $115.00 
Special Offer - Order both your TRS·16K and lhe 
Sup'R' MOO II Interface kit together (retail value 
$144 .95) for only $139.95 

COMPUTER CASSETTES 
• 6 EACH 15 MINUTE HIGH 

QUALITY C·15 CASSETTES 
• PLASTICCASEINCLUDED 

12 CASSITTE CAPACITY 
• ADDITIONAL CASSITTES 

AVAILABLE I C· IS -$2 .50 ea 

UHF Channel 33 TV Interface Unit Kit 
Wide Band 8/W or Color Sysl•m* Convtrts TV 10 Video Disolay ror 
home computers. CCTV earrum. 
Apple II. works with Cromecc Daz· 
zlot. SOL-20, IRS·80, Challellilor. 
e!c. 

• MOO II Is preluned lo Channel 33f ~ (UH F) . 
• Includes c~I cable and .anten11a0 

111nsrormer. 

MOD II $29.95 Kit 

RS-232 CONTROL CENTER 


INSTRUMENT/CLOCK CASE $5.00 Minimum Ordor - U.S. Fund• Only Spte Sh 11ts - m 
C11ifami1 Reddenu - Add 611 S1IH Tu 1979 Cllolag Avoll1blt-S1nd 41 ~ 110mp 

This case is an injection molded 
unit th.at is Ideal lor uses such 

*	 
PHONE 

as OVM. COUNTER. 01 CLOCK ORDERS Hexadecimal: ti9Jameco
- ~. lt has dlm<nsions ol4 \li" ,. ,g19 ,::;;.';?.in Jeng1 h by 4- In width by 	 WELCOME Unencoded 
r~ · . _,, ELECTRONICS (415} 692·8097 
v ~ . ..-,.,l~t• • UnM111l-..o1t:.w-

1·911 6· In height II comes Keypadcomplele wilh • red belel . 
MA /L ORDER ELECTRONICS - WORLDWIDE 19·key paO lncluOes 1-1 0 keys, 

1021 HOWARD AVENUE, SAN CARLOS, CA 114070 ABCDEF ano 2opllonal keys ano aPART NO: IN-CC $3.49 each ADVERTISED PRICES GOOD TH RU FEBRUARY shitt key. $10.95/each 
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SOFTWARE 

Structured Programming Macros for the 
8080 and Z-80 

Structured Analysis Systems has de
veloped SP80, a set of structured pro
gramming macros for the 8080 and Z-80. 
Macro libraries are available for the 
TDL Z-80 assembler V2.2 and the Intel 
macro standard. SP80 Is said to provide 
a ll common structured programming 
constructs such as: DO for count itera
tion, IF-ELSE for 2 path conditions, 
SELECT-CASE for multiple path 
branching, REPEAT-UNTIL and WHILE 
loop constructs as well as a special 
LOOP-EXITIF -ENDLOOP which allows 
multip le exits from embedded loops. All 
constructs allow signed and unsigned re· 
lational tests (EQ, NE, LE, LT, GE, GT) 
and condition code testing. Available 
with the TDL version is the use of con
junction (AND) and disjunction (OR) in 
any construct. 

A manual containing listings of all 
macros in the two libraries; a discussion 
of macro syntax, constraints, memory 
and execution time requirements; a de
tailed example with corresponding con
ventional program, and general notes and 
suggestions is available for $19. A disk 
containing the macro libraries is available 
for $19 in CP/M file format. Contact 
Structured Analysis Systems, POB 2745, 
Res ton VA 22091. • 

Clrclo 535 on lnquirv card. 

Software for CP/M Systems 

Two related software products, Sort 
and File Index, which will operate on 
any size CP/M system, have been an
nounced by Rothenberg Information 
Systems Inc, 260 Sheridan Av, Palo 
Alto CA 94306. 

Sort will sort ASCII files in ascending 
or descending order. Short records are 
treated as if they contained blanks in 
the extended areas. The keys may be as 
long or short as desired and the multi key 
version permits up to 20 different keys. 

File Index reads a series of floppy 
disks placed in the B drive and writes a 
copy of their directories onto the named 
file on drive A. This file may be listed or 
directly sorted with the sort program to 
produce an al phabetlzed list of files 
across al I of the disks. A provision is 
made to prefix each directory entry with 
a disk name. If the disk has a file which 
has a second name of. LBL, then Fi ie 
Index will use the first name as the disk 
name. If this file does not exist, the pro
gram will prom pt the user for a name for 
the disk . 

The Sort program is available in 
a single key version for $95; a multikey 
version is available for $145. The File 
Index program is available for $45 and 
requires either Sort program to produce 
the alphabetized list. Order information 
should include registered CP/M serial 
number.• 

Circle 536 on inoulr·v card . 
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COSMAC 1802 Simulator 

The COSMAC 1802 simulator pro
gram enables a 6502 processor to exe
cute the COSMAC 1802 instruction set. 
The simu lator does this by interpreting 
COSMAC instructions In a normal pro
gram sequence. All internal COSMAC 
registers are availab le for examination. 
They may be vi e wed statically in a 
single step mode or dynamically In a 
trace mode. All COSMAC software fea 
tures are presently supported with the 
exception of direct memory access 
(DMA). 

This simulator is now available in a 
KIM-1 version as a development and de 
bugging tool for COSMAC software. It 
will run on a KIM-1 with no additional 
hardware or software required. In its 
minimum configuration the simu lator 
leaves two full pages of memory open 
for COSMAC programs. It can be re
located in read only memory and can be 
readily adapted to other microcomputers 
using the 6502 processors. 

The complete package contains a 
KIM-1 format cassette tape , user man· 
ual and a complete assembly level 
sou rec and object llstlng. It is priced 
at $10 plus $1.50 for postage and 
handling. For further information write 
to Dann McCreary, 4758 Mansfield St, 
# 2B, San Diego CA 92116.• 

Circle 537 on lnquuy card. 

System Software for the 8080, 8085 
and Z-80 Microprocessors 

A new system so fl ware for the 8080, 
8085, and Z-80 processors h as been an· 
nounced by CornputerCo Inc, 5833 
Dorchester Rd, Charleston SC 29405. 
Designed around North Star's BASIC 
version 6 with 14 digit precision, KFAM 
saves the user time in coding the original 
application program or modifying an ex
isting subsys tem. 

The application programmer utilizes 
KFAM subroutines to handle data trans
mittal, packing and unpacking of data to 
maximize storage are a, sorting upon in
put by keys, opening and c losing of files, 
self-verifying of flies, and the modular 
design of application software. KF AM 
contains a keyboard input utility for dis
playing data on a video screen, accep t ing 
the keyboard input, cursor positioning, 
and validation o f data. Utilities to add 
records, delete records, and examine or 
alter existing records arc included. 

KF AM e liminates the need for sort
ing of input data by utilizing keys as new 
records are written Lo the files. The key 
allows for random access during batch 
processing. 

The K FAM system software is avai l
able complete with documentation for 
$550. Documentation only without 
source code is $75. It is available on tape 
or disk. Application software is also 
available . • 

Circle 538 on 1nquitv catd . 

Software for 8080 Processor 

· Micro Business software is designed 
to run on an 8080 processor with a 
FORTRAN compiler. 

The general ledger (G/L) is designed 
for accountants and is generalized and 
flexible . There are over 20 programs 
in the system. It allows over 200 
accounts with nine levels of totals, per
centages on profit and loss capabillties. 
It forces balanced entry of transactions, 
verifies validity of accounts, and auto
matically puts income and expense 
totals in balance sheet form. 

The payroll program (P/R) prints 
checks; calculates taxes; handles multi
pay periods, salaried and hourly em
ployees, W2 forms, check register, 
department reporting, check numbers 
and more. 

The G/L and P/R (object code) are 
priced at $775 each; A/R, and A/Pare 
$495 each, or all four for $2250. The 
user's manual is $15 with credit towards 
purchase of software. For more infor
ma tion contact Engram Associates Inc, 
POB 9885 , Little Rock AR 72219 . • 

Circle 539 on lnqulrv card . 

Screen Oriented Text Editor 

Aox Associates announces MATE, a 
screen oriented text editor for 8080 or 
Z-80 microcomputers with floppy disks 
running under iCOM or TDL FDOS. 
MATE expands upon the capabilities of 
other text editors by dividing the screen 
into text display and command string 
sections. TECO-like command strings use 
iteration, conditional branching, and 
macros to operate on ten allocated buf
fers. 

The independent text section of the 
screen instantly reflects any changes in 
the edit buffer, with text moving up and 
down or right and left as commands 
modify the buffer. In another mode, 
keystrokes are directly entered on the 
screen ·and in the text. MA TE can be 
used with the VDM-1 or a similar video 
display board. Fast screen updates can 
also be obtained with a video terminal , 
since extensive display driver software 
utillzes the addressable cursor to make 
only necessary changes. 

A wide variety of character, word , 
line and paragraph oriented commands 
are entered in the separately scrolling 
command section of the di sp lay. Com
mand strings can range in complexity 
from a single character through full text 
editing programs. 

MATE is available on an 8 inch 
floppy disk for $49.50, including 9 K 
bytes of object code for the editor, and 
object and source code for several 
screen, keyboard, and printer drivers . 
The user and interface manual (which 
can be purchased separately for $5, re
fundable with complete order), gives in 
structions to help adapt these drivers to 
other hardware. For further information 
contact Aox Associates, POB 558, 
Somerville MA 02143. • 

Circle 540 on inquiry card . 



ITHACA AUDIO 

THE OEM MARKETPLACE 


IAExpands

S-lOOLine 

Video 
Display 
Board 
Featuring a full 128 upper/lower case ASCII 
character set stored in a 1K buffer memory.
Easy to read 16 line x 64 character format can 
be displayed on an inexpensive video monitor 
or amodffled TV set. Includes a m software 
driver. Add our powerful K 2 FOOS to create a 
versatile operator console. 

$25.00 

Disk 
Controller 
Board 
Controls up to 4single or double sided drives. 
Data protect features include automatic 
disable of write-gate during power-down for 
data integrity. Supported l>y a reliable 
software package, K 2 FOOS and complete
diagnostic documentation. 

$35.00 

K2 
Operating 
System 
Power full disk software in the DEC tradition. 
Includes Text Editor (TEDI. Fife Pack~e (PfP),
Debu_gger (HDTI. Assembler (ASMBLI:}
HEXBIN, 1 COPV. System Generator (SYSGEN). 
Command syntax follows Di9itals OS-8 RT /11
format. Firs In afami!Y of high level software. 
Soon to be released, FORTRAN & Pascal 
Compilers. 

$75.00 

Field-proven 
reliable engineering 
Over 10,000 boards worldwide prove Ithaca 
Audio provides the quality and reliability you
demand. 

lth1c1 Audio 801rda are fully S-100 
compatible, featuring gold edge connectors 
and plated-through lioles. All boards (except
the Protoboardl liave fully buffered data and 
address lines. DIP switch addressing, solder 
mask and parts legend. 

Z-IKI CPU Board Most Qowerlul 8 bit central 
processor ~v.ailabte . Featuring power-on
1ump, prov1s1on for on-board 2708. Accepts 
most 8080 software. $35.00 
BK Stlllc RAM Board High speed static memory 
at the lowest cost per bit. Includes memory
protect/unprotect and selectable wait states. 

$25.00 
2708/2716 EPROM BOlrd Indispensable for stor
ing dedicated programs and often used soft
ware. Accepts up to 16K of 2708's or 32K of 
2716's. $25.00 
Protob,oard Univers~f w.ire-wrap board 1or de
veloping custom circuitry. Accepts any size 
DIP socl<et . $25.00 

RAM! 
32K for $359. 
Ithaca Audio is now stocking the Mostek 4115 
add-on RAM for S.D.'sExpandoram. Buy their 
basic board. 32K of RAM from us and SAVE. 

S.D. SALES Expandoram board S199 
Ithaca Audio 32 4115's @SS.00 ea. ....1§Q, AUDIO 

32K Only $359 P.O. Box 91 

o 1978 ITHACA AUDIO 

Mass Storage at 
Incomparable 
Prices. 

IthacaAudio 
FloppyDisk 

• 	Up to 250K bytes. single sided 
• 	Up to SOOK bytes, double sided 
• 	Data protect 
• 	Powerful software operating 

system includes 8 utility 
programs, text editor. 

Add the capacity of full size disk to your S-100 
microcomputer. Controller. Disk Drive. and 
Software available separately. 

Memorex single sided 
550 Flaxlbla Disk Drive 1458. 
Memorex double sided 
552 Flaxlble Disk Drive 1630. 
Disk Controller 801rd 135. 
K2 FOOS Available on 8" 

floppy disk w. manual 175. 

Quality Components 

ZILOG Z-80 S19.00 
ZILOG Z-80A 23.00 
INTEL 2708 11.00 
FAIRCHILD 2102 LHPC 1.60 
FAIRCHILD 2102 UPC 1.35 

IMSAI 8080 Kit with 22 Slot M.B. 

S560.00 
plus $10.00 shipping. 

HOW TO ORDER 

!1!!!11111111~~~~~~~~ 
For technical assistance call or write to: 

IJHACA 

Ithaca, New York 14850 
Phone: 607/273-3271 
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J9..A..::K>:EJ Computer Products 


*DISK DRIVES * 
B51 . 5%" $295.00 

by Micro Peripherals, Inc. Opera
tes in either single density (125KB. 
unformatted) or double density 
(250KB, unformatted) modes, up to 
40 tracks, with a track-to-track 
access t ime of only 5 ms. 

SA801R $495.00 

by Shugart. Single-sided 8" floppy 
disk drive. 

8" DISK DRIVE $395.00 

by GSl /Slemans. Direct equivalent 
of Shugart 801R. 

OM 2700.S $750.00 

Includes SA801R, 10"x10"x 16" 
cabinet, power supply. data cable, 
Ian. AC line filter. 

• 	TWO SIEMENS/GS! 8" FLOPPY 

DRIVES 


• POWER SUPPLY FOR ABOVE 
• 	JADE/TARBELL DISK CONTROL 


KIT rs1001 

• 	CP/M OPERATING SYSTEM WITH 

BASIC-E 
• 	PACKAGE OF 10 BLANK 


8" DISKETTES 

Price II purchased separately: 

Sl 192.50 
JADE SPECIAL PACKAGE DEAL: 

$1050.00 

.... VERBATIM'·M. 
FLOPPY DISKS 

5% in. Minidiskettes 

Soft sector, 10 sector, o r 16 sector 


$4.40 each or 

box of 10 for $40.00 


8 in. Standard Floppy Disks 

Soft Sector 


$4.75 each- 10 for $42.50 


FLOPPY DISK INTERFACE 
JADE FLOPPY DISK (Tarbell
board)
Kit 	 $175,00 
Assembled & Tested $250.00 
s.o. Computer Products "Versa 
Floppy"
K it $159,95 
Assembled & Tested $189.95 

3690-12 
CARD EXTENDER 

Ctrd E•11nt1er hH 100 c:on1acu. ~pet 1lde 
on . 125 centt~. Antch9d conncetor i1 com· 
patibht with S· 100 8u1 Systems .. 525.00 
3690 6 ,5" 22/4 pin , 158 CIB.. 
IEw;c1ndtr'I • •• ••••• •••• ••• $12,00 

MINISCOPES 

• 15 megahertz bandwid1h. 
•External and internal trigger. 
•Time Base - 0.1 microseconds to 0.5 

Sec/div - 21 settings. 
•Battery or line opera1ion. 
• Automa1ic and line sync modu, 
•Power consumption less 1han 15W. 
• Verticle 	 Gain - 0.01 10 50 volts/div

12 settings. 
• Weigh1 is only 3 pounds. 
MS.15 . .•.••. . •.. . . .... $318 
MS.215 Du1I Tnce Venion . • . .• $435 

With Rechargeable 
8arterles & Charger Unit 

1010 1, 10 meg probe .. ...... , $27 
Lea1her carrying case . ... . .•.. $45 

MoMIU'· I 
f~l '°90:.J11~11"~1•""Ml l U~Cl'IDQ•Cl..,-11ro1 
nL.. ' Dl L .. •HI. . Cit C:M0s IN1 11 t lmpo.d1oc1 , OO,OOOt1twin1 

,..,,_,.... O·~•IWtl• l'l.llWJ !iO Ill Mf • •""M"" 1,,... , li1911 1I 

(,r..,•"'lyh 10 MHI. P\lltiolo 0.lHlllol 4lEO t1 f.t .... IDl'l!I u .. ,,, 

9' tl+•"'!.'11 ~ .....wllllt'¥ 1 1'"'1°"111lh·•l ll ..'"• l lOllllllO"C1iMJ 

-lbllotf(I 

C5C Moo!NI lP•I L61-< ' •Ml'- NH {_Kfl l.f,4 95' 


~oon L"-l 
"'"'"'"'"''°"""~(.lp1urupo.'1rol1ftV'!ll<' l l• I Olll l"4)vl 
1_.a..notal r.DG.000 CNTH. M-"' Dt tMIMIM "-i lMl 10 n1 
,,,... lnotu"' l llJ!ol• 5-otNI IF•eq-vli 5oO Mttl . 1'"311 O•~•,,.• 
IL£DJ1 l l!lh l&lftd t•.tr>or .i..gi.r .....,. 11..,1.. M-rnSfV l'uiw " ' 
11~1• •'11 1111P"doill11<\N ..... •ltno...r 
C:SC Mcdi l L "-:I LIW~ "'6be-H.1• l: ~d1 Ut.ICI 

3-LEVEL GOLD 
WIRE WRAP SOCKETS 

14 PIN 39t each 
16 PIN 43t each 

100 for $30.00 
Sockets are end and side stack
able, closed entry, 

D PLATED 
S·100 EDGE CONNECTORS 

iiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
Soldertall SJ.25 each 

1 O for $30.00 
Wire Wrap $4.50 each 

1 O for $40.00 

METERS 

Rechargeable bauernH and cn~,ger 
MHsure1 DC Volts, AC Volti , Ohms and 
Curnrnt 
Automat ic po larltv . doclmal and overload 
indic11lon 
No nro adjusi:menl and no full -scale 

. 	ohms adjun 
81nery.opera1ed - NiCad batteries; also 
AC Une oprralion 
Largo LEO display for easy reading 
without Interpolation 
Size: 1.9" H x 2.7"W x 4" 0 
Paru & labor guarantood 1 year 
Tlh s1and opt ion . .. . , .•.. . $ 3.50 
Leal her Cose .••...•. . •.. S20.00 

LMJA J dig 1% DC • .•.. • . S1J4.00 
LMJ.5A Jl\ dig .5% DC . . . . . S158.50 
LM40A 4 dig .1% DC ... ... $209.00 
LM4A 4 dig .03% DC , ...•• $250.00 

S-100 MOTHER BOARDS 
JADE 6-SLOT 
Kit $41.95 
Assembled & Tested $56.95 
Bare Board $24.95 

9-SLOT "LITTLE MOTHER" 

Ki1 $85.00 
AHembled & Tested $99.00 
Bare Board $35.00 

13- SLOT "QUIET MOTHER" 

Ki t $95.00 
Assm. & Tested $110.00 
Bare Board $40.00 

22- SLOT "STREAKER" 
back lighted. Assm. & Tested $149.00!--------------.... •LCD-101 or LCD-102 
vour choice . ........ . $34.95 ea. 


• Clear desk stand for ... _ ... _ S2 .00J.A.:K>::EI 
VIDEO INTERFACE 


S-100 Compati ble Serial Inter· 
 8" 	FLOPPY DISK 
face with Sockets Included. * 	 * 

ELECTRONIC 

SYSTEMS 
"KANSAS CITY STANDARD" 

TAPE INTERFACE 

Part No. 111 

Board $7 .60; with parts $27 .50 

RS-232/TTL INTER FACE 
Part No. 232 

Converts TTL to RS-232 
and RS-232 to TTL 
Board only $4 .50; 
with parts $7 .00 

RS-232/TTV INTERFACE 
Part No. 600 

Converts RS-232 to 20mA 
current l oop, and 20mA current 

loop to RS-232 
Board only $4 .50; 
with parts $7 .00 

• For Au10, Home, Office. 
•Small In size (2x2})xY, L 
• Push button for M!conds release for dale. 
• Clocks movnt anywhere wi1h ei iher 3M 

double-sided tape or VELCRO, Included. 
• 2 MODELS AVAIL ABLE. 

LC0-10 1, portable model runs on self · 
contained batteries for beuer 1han a 
year . 
LC0-102. runs on 12 Voll wslem and Is 

EXPANDOR'S BLACK BOX PRINTER 
This 64-character ASCII Impact printer 
with 80-column capability Is portable 
and uses standard B1h " paper and reg. 
ular typewriter ribbon. Base, cover 
and parallel Interface are Included. 
Assembled and complete with manual 
and documentation. only $517 .00 
(90 day manuf<1cturer•s warranty) 

TRS-80 Interface Cable for Black Box Printer 
with mating connectors: $48.00 

(must be used with expansion module, +8v/1 
am ower su I re ulred. 

Power Supply for TRS-80/Black Box Printer $49.00 

INSTRUCTIONS. S·lOO compat ible 2 
1---------------1ports,1 parallel l / b. 

Kit JG-P/S 
Tl.J-~ 

convert your T. v. set Into a 
Video Mon itor 
Kil $8.95 

Assembled & Tested : 
JG· P/SA 

Bare Board w/Manual 

Kit $117.95 
Assembled & Tested $159.95 
Bare Board w/manual S 35.00 

Z80A SPECIAL 
4MHz Z il og CPU Chip ~ 

Ziloq *$14.95* 

SEE OPPOSITE PAGE 
FOR ORDERING 

~ 

SPECIAL 

Slemans/GSI 8" Drive 


Exact replacement for 

Shugart 801 R 


SALE PRICE 

$450.00 

J.A.:m::>E 
PARALLELJSERIAL 


INTERFACE 


ser ial 1/0 

$124.95 

$1 79.95 

S 30_00 

.~~>...~> ~J"-.- =-":~!::ds ~ 
Gen. 	 Purpose D ,LP. Donah 
with Ou1 P.111111m lor Soldtrr or 
Wire Wrap , EpOlr.y Gian 1/t6" 
44 p jn COO. IPIKt!d .156. 

3677 9.6". 4.5" ... . $10.90 
3677-2 6,5" . 4.6" ... . $9.74 

plo!O wilh ""' sink & h"dw.., , 
S,.J" ;11 10 " >c 1'16'". - .--::;.; 

8801 ·1 P patlem olu gbooudi 101 1c·, 
$()m~ IH 880011 ~XCllD! ~•in: linn EpOICy Gll)i.s l / 16 " 44 o in con_ 
pow111 bvs.u & tieat ,1ni.. , splKCd , I S6. 

1-4 5.9 10·24 
aaoov 19.95 17.95 15.96 3662 6.5". 4.5" .•... $1 .65 
8B01-1 14.95 13.46 11.96 3662-2 9.6". 4.5" ... $11 .45 

Hi·Ot1n1i 1'f' Du;1l-in ·Lh1111 Plug· 
bo~•d tor W•'e Wra11 with 
Po we11 S. Gtd . 8 u1 Epoxy 
Glau 11 16 " 44 o in con . \OO~d 
,156. 

3682 9.6" . 4.5" . . . . $10.91 
3682-2 6.5" • 4.5" . •.. $9.81 
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800/421-5809 Contlnenlal U.S.PLACE ORDERS TOLL FREE 800/282-1710 ln1lde Callfoml• 

MICROPROCESSORS 
FB 16.95 TRS·IO ·--II
Z80 12MH1l 20.00 ROCllUllll AIM-85: The Head-Start MEMORY EXPANSION KITS 
ZBOA 14MHzl 25.00 
COP1802CD 17.95 In Microcomputers 4116's 
AM2901 20.00 8 for sas.oo6502 11.95 A KIM·l compatib le machine with6800 16.95 (16K x 1, 200ns) 
6802 25.00 on-board p rin ter and a real keyboard! 

8008-1 12.95 Includes d ip plugs and
$375.00 w/1 K RAM
8035 20.00 Instructions 
8080A 10.00 4K assembler/ed itor In ROM:$ 80.00 
8085 23.00 
TMS9900TL 49.95 

8035·8 21.00 $450.00 w/4K RAM 

SK BASI C In ROM: $100.00 *TRS·SO Kit*Power supply: $ 59.95 
SOSOA SUPPORT DEVICES (16K x 1, 300ns) 

Case for AIM-65: $ 49.95 '°'· -.'1!!••••111•18712 2.90 Includes connectors and8214 4,65 
8216 2. 75 Special Package Price: $599.00 Instructions 
8224 12MHil 4 .30 AIM-65 (4K), Power Supply, Case, and SK BASIC ROM $90.008224-4 14MHzJ 9.95 
8226 2.75 
8228 6.40 
8238 6.40 Low oroce 1nclooes8243 8.00 
8251 7.50 KIM-I MOOule mon11orDE8253 20.00 o-ograms s101 ect 1n 
8255 8.50 2048 ROM Byles UserllM-18257 20.00 Manual wall s11e Selic· 8259 20.00 ma11c Hardwa1 eManual8275 75.00 
8279 P1ogcamm1ng Manual18.50 

P1og1amrners Relerence$1796800 PRODUCT Ca•d KeylmlD/OosPl!Y 
6810P 4.00 
6820P 6.60 
6821 P 6.60 
6828P 11.25 
68J4P 16.95 lfl_.$245 
6844 L 29.95 
6845L 29.95 6502 - oased single board 
6846U comouter w ith keyboard/disp lay,35.00 
G846P 1 30.00 KIM-1 hardware compatible, 
6850P 8.65 complete documentation. 
6852P 11.00 
6860P 9.25 KIMSI
6862P 12.00 
6871 p INTER FACE/MOTHERBOARD28.75 
6875P 8. 75 Makes S-100 cards plug-in 
GB80P 2.50 compat ible w ith KIM I 
KIM SUPPORT DEVICES K it $125.00 
6102 8.00 Assembled & 

$165.006502 11 .95 Tested 
6520 10.00 
6522 9.25 BETSI
6530-002 15.95 
6530-003 15.95 INTERFACE/MOTHERBOARD 
6530-004 15,95 Makes S-100 cards p lug-in 
6530-005 15.95 compatible with PETI 
6532 17.95 Kit $119.00 
'USRT 
sn5o 10% ~!~~;1dbled & $159.00 

UAR TS 
AY5· 1013A 5 25 ZIP 
AY5· 1014A 8.25 

J~:K>E &<>ao.&. "IMSAl"·TYPE CARDwith full documentation GUIDE SPECIAL: 
Kit $1 oo.oo 
Assembled & Tested $149.95 Regular Pr ice 30d each 

Bare Board $ 30.00 


SPECIAL: 10 for $1.00! 

J~X>E z.eo 
with provisions for ONBOARD 
2708 and POWER ON JUMP 

2MHz 
Kit $135.00 Sate! 
Assembled & T ested $185.00 

4MHz DYNAMIC RAM BOARDS
Kit $149.95 
Assembled & Tested $199.95 EXPANDABLE TO 64K
Bare Board $ 35.00 

32K VERSION • KITS 
*STATIC RAM* 

Uses 4115 (8Kx 1, 250ns) DynamicSPECIALS RAM's, can be expanded in SK 
2 11 4's, low power (1024x4) increments up to 32K : 

1- 15 16-99 100 + SK $159.00
450ns 8.00 6.95 5.50 

16K $199.00250ns 9.00 8.00 6.50 
24K $249.00 


TMS4044/MM5257, low power 
 32K $299.00 
450ns 8.00 7.50 6.50 
250ns 9.95 8.75 8.00 

64K VERSION • KITS 
4200A (4Kxl, 200nsJ 

9.95 8.50 8.00 
Uses 4116 (1 6Kx1 . 200ns) Dynamic 
RAM's, can be expanded in 16K 
increments up to 64K: C:IP® II Socket 

16K $249.00This new type of nro inwr iion prHkHI dual ln-lin1 p1ck1ge 
TR16028 5.25 sock el IZ IP DIP Ill is p1rf1Nlily whtd for bo1h hind t.est and 32K $369.00TMS6011 5.95 burn-In requltornonll . 48K $475.00IM6402 9.00 Tho ZIP OIP II sock11 hH bffn de-signed for 1h1 utmost
IM6403 9.00 t impllcli;y In lu moch1n lc1t act ion . Coupled whh • thought 64K $575.00 

ful rynam of r.arnps ind btvolt. 10 9uld1 th1 devic1 Inds IntoBAUD RATE GENERATORS the cont:actt ftiults in • soektt, in10 wh ich, 1h1 d1Ylc1 Un 
lher;ally b1 dropped. With tho fllp of 1 loddng l1Y1r t111 

14411 C•V!!>l.'.1 1 4.9!l 
MC 14111 1000 

MK:ht lt. ready 10 oper.afl with •xceptionalty QOod 1l1ctric.1I EPROM BOARD KITS 
con IKt. Flip lhe le'olar •oain ind th• davico m1v be extncted 
whh .nro prenu,. being Hertltd on th• lud1 by th l socket EPM-1 (uses up to 4K

CHAR ACTER GENERATORS con11cts. of 1702) $59.95
2513 Utip« 1·12'51 6. 75 
2513 LOw<!• 1-12 t.51 G.75 PRICES: JGS/ 16 (uses 2708 or 
2513 Uppe1 1s... 011) 9. 75 16 pin Zip Dip II $5.50 2716) $69.95
25 1J Lower (5 vol t I 10.95 24 pin Zip Dip II $7.50MCM657 1 - Up Scan 10.95 
MCMG571 A · Down Scan 10.95 40 pin Zip Dip 11 $10.25 STATIC RAMFLOPPY DISC CONTROLLER 
1771801 39.95 BOARDS 
1791 49.95 

JADE SK 
KEYBOARD CHIPS .:r..A.I>lE: Kits: 450ns $125.95 
AYS·2376 13, 75 250ns $149.75 
AY5 3600 13 75 Computer Products Assembled & Tested :
MMS740 18.00 450ns $139.754901 W. ROSECRANS AVENUE 


Departmen1 '8 " Telephone :
PROMS 250ns $169.75 
1702A 8.00 Bare Board: $ 25.00 

9.95 HAWTHORNE. CALIF. 90250 (21 3) 679-3313 
27 1615+ 121TI 25.0U U.S.A. T elex : 
270B 

16K - Uses 2114's (low power)27 1615v I INTL 60 .00 18-1823 Assembled & Tested: 
DYNAMIC RAMS 

275815vl 23.40 
RAM 16 (250ns) $375.00 
RAM 168 (450ns) $325.004160/4116 1750n>I 12.50 

2104/4096 4.00 - 16K with memory management21078-4 3.95 Cash, checks, money -orders, and credit cards accepted. Add 
MM5270 4 50 freight charge of $2 .50 for orders under 10 lbs. and $1.00 service RAM 65 (250ns) $390.00 
MM5280 3.60 charge fo r orders under $10.00. Add 6% sales tax on all parts RAM 658 (450ns) $350.00 
STATIC RAMS 1-24 25-99 delivered In California. Discounts available at OEM quantities. 
21 L02 l450ns) 1 50 1.20 

TMS402714096 1300nso 4.00 Assembled and Tested : 

32K Static 
21 L02 1250ni l 1.75 1 so Assembled & Tested: 
2101-1 2.95 2.60 250ns $795.00WRITE FOR OUR FREE CATALOG2111 -1 3.25 3.00 450ns $725.002112·1 2.95 2.65 All prices subject to change without notice. 250ns Kit $575.00 
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Bus Addressable Numeric Display 

PERIPHERALS 

Versatile Impact Printer 

The Integral IP-125 impact printer 
fe atures an RS-232C serial interface, 
parallel transistor-transistor logic level 
inte rface and full upper and lower case 
ASCII character set (96 characters) as 
standard · equipment. Capable of print
ing multiple copies on 8.5 Inch (21.59 
cm) roll, fanfold or sheet paper, t he 

processor-controlled IP-125 Incorporates 
a 256 character multiline buffer to 
achieve an Instantaneous print rate up 
to 100 characters per second, with a sus· 
tained throughput of 50 characters per 
second at 80 columns per line. 

The printer has few moving parts and 
features a re-inking ribbon. The unit 
measures 17.25 by 7 by 11 .5 inches 
(43.82 by 17.78 by 29.21 cm). Line 
length is 80 columns at 10 columns per 
inch (7 by 7 dot matrix format), with 
line lengths to 132 columns, print rates 
to 165 characters per second, print den
sities of 8.3, 10, 12 and 16.5 cha racte rs 
per Inch and a full video screen size 
multiline buffer (2048 characters) op
tional. Serial transmission rates of 110 
to 1200 bps are switch selectable. 

The Integral IP-125 impact printer 
sells for $799. Literature Is available 
from Integral Data Systems Inc, 5 Bridge 
St, Watertown MA 02172.• 

Circle 579 011 1nQuu-y ca1d . 

5·100 Floppy Disk System 

The Pichler DP08 is an 8 digit bus
addrcssable panel display with Its address 
encoded Jn the bus connector to facili· 
tate interchanging or replacement with
out internal adjustment or rewiring. This 
permits virtually unlimited system con· 
figurations. Binary weighted address 
select lines allow up to 32 of the 
peripheral interface adapter compatible 
displays to operate from the same 9 
wire signal bus. Once addressed the dis
play accepts up to eight binary coded 
decimal encoded digits from the bus at 
200 K byte digits per second and stores 
them in a programmable memory for 
subsequent display. While accessing the 
programmable memory, the un it auto
matically blanks. 

Available in table top arid front and 
rear panel mount versions, the DP08 
measures 5 by 2 by 6 inches (12. 7 by 
5.08 by 15.25 cm). Both can be sup· 
plied with an optional integral thumb
wheel for address selection. The DP08 
is priced from $215 depending on con
figuration. Contact Pichler Associates, 
41 0 Great Rd, Littleton MA 01460.• 

Circle S81 on 1nqu1rv card. 

Hard Disk for All Popular 
Microcomputer Based Systems 

The EXCOMP DCFl 0 disk con· 
troller provides an interface for fixed 
and removable disk media. Using indus
try standard 3, 6, and 12 M byte disk 
drives, the DC Fl 0 can control and 
format up to four drives for a total 
formatted storage capacity of 40 M 
bytes. The disk drives may use an IBM 

A floppy disk system for use in 5-100 
bus com puters is available from Quay 
Corp, POB 386, Freehold NJ 07728 . 
The Quay 80 Fl system includes the 
Q/80 FDC floppy disk cont roller 
board (capable of supporting up to four 
disks); QDOS disk based operating 
system; the Q/FDl 125 KB 514 inch 
band driven disk drive with power 
regulator and interface cable; and the 
Q/80 FC floppy disk cabinet. In addition 

Video Monitor and Receiver 

The new model VMR-120 is a ·12 
inch (30 cm) diagonal monochrome 
video monitor and receiver. It is suited 
for industrial, security, studio or com
puter display applications, with sepa· 
rate UHF connections for video in and 
thru; RCA connector for audio in, and 
a termination switch. Th e VMR-120 is 
also available as a monitor only. Model 

214 Febru>ry 1979 © BYTE Publication• Inc 

to the floppy disk support, the Q/FDC 
has ava ilable a programmable 8 bit, 
transistor-transistor logic compatible 
parallel input and output (10) port 
capable of supporting standard peri· 
pheral devices such as line printers, 
tape punches, keyboards, etc. 

The Quay 80 F 1 system is priced 
at $795. The add·on drive (Q/FD1) 
is priced at $395. • 

Cuch! 580 on 1nq u1'v card. 

VMR·120A has the additional feature of 
an 8 pin video tape recorder (VT R) con
nector, separate UHF and RCA con nee· 
tors for TV video, and audio out for off 
the air recording. Power requirements 
are ·117 V 60 Hz 30 W, or 12 to 16 VDC, 
14 W. Weight is 16 pounds (7 .26 kg) 
and L11e uni ts are equipped with a carry
ing handle. T he prices are $199 for th e 
VMR-120 and $215 for the VMR-120A. 

2315 or 5440 removable cartridge and 
up to three fixed platters. The DCF10 
may also be used with fixed only disk 
drives. A universal 8 bit processor 
interface permits the controller to be 
used with popular microcomputer based 
systems. Due to the high data rates 
involved , the controller should be 
connected to the processor through 
either a direct memory access or buffer 
storage system. The DCF 10 is priced at 
$2100 in quantities of 1 to 4. For 
further information contact XComp 
Inc, 9915-A Business Park Av, San Diego 
CA 92131.• 

C1,cle 582 on inquiry ca1d. 

A 19 inch (48 cm) monochrome receiver 
and monitor is ava ilabl e for $350. For 
fur ther information contact Video 
Marketing Inc, 328 Maple Av, Horsham 
PA 19044.• 

Circle 583 on inquiry card. 
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Stopwatch Kit $26.95 
Full six digit battery operaled . 2- 5 vols. 
3.2768 MHz crystal accuracy. Times to 59 
min.. 59 sec. , 991 /100 sac. limes std .. Sflltt 
and Taylor. 7205 chip , all componenls minus 
case . Full instructions. 

D Connectors RS232 
25 Pin Submlnlatures 
OB25P 2.95 OE9P 1.50 
OB25S 3.95 OE9S 1.95 
Cover 1.50 DA15P 2.tO 
RS232 l:omplete Set 6.50 0/\15S 3.10 

8·100 Computer Boards 
SK Static RAM Kit 

16K Static RAM Klt 
24K Static RAM Klt 
32K Dynamic RAM Kil 
64K llynamlc RAM Klt 
8K/t6K Eprom Kit (less PROMS) 

$127.00 
265.00 
423.00 
449 .00 
945.00 
$19.00 

Video lnlertace Kit 
Motherboard $39. 

$131 .00 
Extender Boan! $8.99 
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7.tlOCIHQUEST Cosmac Super Elf Computer $106.95 

Compuo foalures before you decide lo buy any 
other compuler. There is no other computer on 
the markel loday that has all the desirable bene
fits ol the Super Elt for so little monei .The Super 
EH Is a small single board compuler ll!at does 
many big things. It is an excellenl computer for 
!raining and for learning programming with ils 
machine language and yet It Is easily expanded 
with addlllonal mamory, Tiny B11lc, ASCII 
K9yb111nf1, video ch1ue1• genantion, ate. 
The Super Elf Includes a ROM monrtor fo1 pro
gram loading, editing and execution with SINGLE 
STEP for program debugging which Is not In· 
eluded In others at the same price. With SINGLE 
STEP you can see the microprocessor chip 
operating with tile unique Queal address and 
data bus .displays before, during and •Her 
executing Instructions. Also . CPU mode and In· 
S1ruction cycle are shown on several LED lndica
tor lamps. 
An RCA t 861 video graphics chip aBows you to 
connect to your own TV wilh an Inexpensive video 
modulator to do graphics and games. There is a 
1p11ker 1yatem included ior writing your own 
music or using many music programs already 
written . The spealcer amplifier may also be used 
to drive relays for control purposes. 
A 24 key HEX keybolnf Includes 16 HEX keys 
plus l111d , reaet, run. Input, memory protect, 

74LSlllHSuper Expansion Board with Cassette Interface $89.95 
Thisls truly an astounding value! Thisboard has 
been designed to allow you to decide how you 
want It optioned. Tb1 Super Elp1nalon Board 
comea with 4K of low power RAM fully address· 
ableanywhere In 64K with bullt·in memory pro· 
tect and a unene lnte!lace. Provisions have 
been made for all other opl ions on the same 
board and It nts neatly Into the hardwood cabinet 
alongside lhe Super Elf. The board Includes slots 
for up to 6K of EPROM 12708. 2758. 2716 or Tl 
2716) and Is fully socketed ($12.00 value) . 
EPROM can be used for lhe monitor and Tiny 
8aslc or olher purposes. 
A IK Suptr ROM Monitor $19.95 isavailable as 
an on boaJd option In 2708 EPROM which has 
been preprogrammed with a program loader/ 
editor and error checking mulli file cassette 
read/wrhe software, (relocatlble cassette file) 
another exclusive from Quest. II Includes register 
save ano readout, block move capability, and 
video graphics driver with blinking cursor. The 
Super Monllor I~ written wilh subroutines allow· 
Ing users lo talce advantJIQE•of monitor functions 

Auto Clock Kit $15.95 
DC clock with 4-.50" dlspLlys. Uses National 
MA-1012 module with atann option. Includes 
light dimmer. crysml timeba!ll! PC boards. Fully 
regulated, comp. lnstructl:. Add $3.95 for beau
Ulul dark gray case. Best value anywhere. 

RCA Cosmac VIP Kil $229.00 
Video ccmputer with games and graphics. 
Fuly assam . and test . $249.00 

Not a Cheap Clock Kit $14.95 
Includes everythingexcept case. 2·PC boards. 
&- .50" LEU Olsplays. 5314 clock cl11p, trans
former. a.I componenls and ful lnstrucs. Green 
and orange displays also avall. Sime kft w/.80' 
dlsplayJ. Red only. $21.95 Case $11.75 

60 Hz Crystal Time Base Kit $4.40 
·eonverts digital clocks from AC line frequency to 
CJyStll time base. Outstanding accuracy. Kit In
cludes: PC bllard, IC, crystal. resistors. ca· 
pac~ors and trimmer. 

1"01H 
memory aelect, monitor uleet and single step. 7"21K 

14113.ll
large. on board displays provide output and op· 741?.5Jf 

741"~tlonal high and low addreu. There Is a 44 pin 741!ION 
741:lo1 H 
741s.t#

standard connector lor PC cards and a 50 pin 
connector for the Queal Super Elp1nalon Board . 7.t157H 

7fll1NPower supply and sockels for all IC's are In· 1"112N 
7'1a;JHeluded In theprice plus adetailed 90 page lnstruc
1411.tH

lion manual. 7'17~ 
7•llOH

Many schools and universities aJe using the 7'192H 
7'11JHSuper Elf as a course or study. OEM's use It for 1.tn1H 

l/alnlng and research and developmenl. 1•-,,,... 
Remember. olher computers only otter Super Elf """' 7067H 
features at addilional cost or nol at all. Compare 

1CL•Tilhfore you buy. Super Ell KH $106.95, High 7'lSllOll 
7'1,.$02Naddre11 option $8.95, Low addren option w..so.01 

$9.95. Custom H1nfwood C1blnet with drilled 1•1.SMH 

and labelled front panel $24.95. NICad Battery 74LSIOtt """"' 74LSl1HBlckup Kil $4.95. All kits and opllons also come 74l.SUN 
completely assembled and tesled. 

7•LSZ2H """"" 74LS21N 
7US30H

lion for 1002 computer users Is available by sub· 74ts33N 
Queatdata. a 12 page monthly so"ware publlca· 

74lS31Nscrlpllon for S12.00 per year. New 100 page 7ClS74N 
software manual Vol.1 $4 .95. 74lS7SM 

1"l.$90N 
74L.SlllM 
74lS15M 
74lSI07" 

C1111H1 $10.00. On ROM Monllor $38.00. 7.tl.Sll(IN 

Tiny Basic for ANY 1802 System 
74l.SlllHSuper Elf owners. 30%off. Oblect code llatlng or 74lSl)Ve 

paper tape with manual S5.50. 74LSl31H 
7.tLS1SIN 

Orlglnal ELF Kil Board $14.95. 74LS1$$N 
74LS157N 
74LS1'ZH 

74lS114tt 
74LS191*simply by calling them up. Improvements and 7"LS2:Wf 
74t.S2WI 
74LSJ6Nf

revisions are easily done wilh the monitor. II you 
have lhe Super Expanalon Board and Super 
Monitor-the monilor Is up and running at the push 0000 

UJIUO 

ol a button. 
CAJOll """"...,.,Other on board options Include Pa11llel Input c.

and Outpul Por1S with full h1nd1hlke. They U001ANINI 

allow easy connectionol an ASCII keyboard lo the Ull01N""''" 
l MJOflNInput port. RS 232 and 20 ma Current Loop for 
LICOllKteletype or olher device are on board and II you """" 
UQllHl'Nneed more memory there are two S·100 slots for LMllnf« 

static RAM or video boards . AGodbout BK RAM LMJll 
l.Ml20IC·5

board Is available lor$135.00. Parallel 1/0 Porta UQUK·S 
LW3ZOIM2$9.85, RS 232 SUD, m 20 m1 l/F $1.95, UU20lt•IS 
UQZOJ.5S· 100 $4.50 . A50 pin conneclor ael with ribbon 
U&l201-1

cable is avallable at $12.50 for easy connection U020T·12 
Ull20f- 15obetween lhe Super Elf and the Super Elpanalon Ull24N 

Board. 
U.0401(·~ '""'" 
lMJ40K·I 
llll401HlThe Power Supply lor Ille Super Expansion Board 
U040K· 1~isa5ampsupplywlth + ev::: 18y+ t2v -5v. 
U.U60IC·2•Regul~ted voltages are ±Sv & + 12v $29.95. UU.tOT·~ 

-12 volt optional. Deluxe version includes lho LJ.U.tOT.. 
LMUGf-12 

.case at S39.95. UQ.40MS 

U.U•OT·ll 1. 10 C0.511 

. 11 l.M:MOf-2.( 1. 10 COUl5 
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"'' MOS/MEMORY RAM 
2101-1 
2HtM 
210'ZAL.... 
21Rl2 1
21<MA.... 
21078 
21l M 
21t2·2 
211• 
411 6 
25138 
21u:rz.i...,,..""'"' 
M"53JO 
POUID-l 
P1M111J..1 
""'"" 

Dlgltal Temperature Meter Kit 
Indoor and outdoor. Switches back and forth. 
Beaulllul. so· LED readouls. Nothing like ii 
available. Needs no addilional parts for com· 
plele. full operalion . Will measure -100' to 
+200' F. tenths of a degree, air or liquid. 
Verv accurate . $39.95 
Beautiful woodgrain case w/bezel $11.75 

NICad Battery Fixer/Charger it 
Opens shorted cells ll!at won't hold acharge 
and then charges them up, all in one kit w/full 
parts and Instructions. $7.25 

PROM Eraser 
Ultraviolet . assembled $34.50 

Clock Calendar Kit $23.95 
CT7015 direct drive chip displays date and 
lime on .6· LEDS with AM-PM Indicator. 
Alarm/doze lealure Includes buzzer. Complete 
wfth all parts. power supply and Instructions. 
less case. 

Slnclalr 31/z Digit Multimeter 
Batt./AC oper. 1mV ano .1NA resolution. Resls
lance to20 meg. 1% accuracy. Small. portable. 
completely assem. ln case. 1yr. guarantee. Best 
value ever! '59.95 

Video Modulator Kit $8.95 
Convert your TV sel Into ahigh quality monilor 
without affecting normal usage. Complete kit 
with full Instructions. 

2.5 MHz Frequency Counter Kit 
Complete kit less case $37 .50 
30 MHz Frequency Counter Kit 
Complete klt less case $47.75 
Prescaler kit to 350 MHz $19.95 

1978 IC Update Master Manual 
1978 IC Update Master Manual $19.50 . Com
plete IC data selector, 2175 pg. Master refer
ence guide. Over 42,000 cross relerences. 
Free update service through 1978. Domestic 
~~~~i1es~i~j:~.r~~a~·.oo. 19191c Upda1e1

TEAMS SS 00 min . order U.S . Funds . Calif residents add 6% tar. FREE Send for your copy ol our NEW 1978 
BankAmerlcard and Master Charge accepted . QUEST CATALOG Include 28,• stamp 
Shipping charges will be added on charge cards . 
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Circle 230 on inquiry card. 

'OAllULY CVBEACOll/SOLIO STATE llUSIC. 

CB-1 8080 ProceHor Board. 2K ol PROM 256 BYTE 
RAM power on/rut Vector Jump Parallel port with 
•lalul. Klt....... .. .......$125.95 PCBD.... ...... ......$28.95 
MB·&A Basic BKXB ram uses 2102 1ype rams. S-100 
buss. Kil 450 NSEC .... ..$123.95. PCBD......$24.95 
MB-7 16KX8, Static RAM uses uP410 Prolection. 
fully bullered KIT ..............$299.95 
MB·8A 270B EROM Board, S-100, BKSX or 16KX8 
kll without PROMS $75.00 ......... ..... .... PCBD $28.95 
MB-9 4KX8 RAM/PROM Board uses 2112 RAMS or 
B2S1 29 PROM ki t without RAMS or PROMS $72.00 
10·2 S-100 B bit parallel /10 port. ~ of boards Is !or 
kludging . Kit ..... ....$46.00 PCBD. ... $26.95 
10-4 Two serial I/ 0 porls with lull handshaking 
20/60 ma currenl loop : Two parallel 110 ports . 

Kit .. .... $130.00 PCBD ........ $26.95 
VB-1B 64 x t6 video board, upper lower case Greek, 
composite and parallel video with software, S·100. 
Kit... .........$125.00 PCBD ........ $26.95 
Altair Compatible Mother Board. 11 x 11 'h x Vo" . 
Board only .....$39.95. With 15 connectors .. $94.95 
Extended Board lull size. Board only ..... $ 9.49 
With connector ....... ..... ...... • ... $13.45 

SP-1 Synthesizer Board S· 100 
PCBO.. ........ $42.95 KIT .. $135.95 

82S23 ... , ... . . $1 .50 PRIME SUPPORT 
82S123 1.50 8080A s 9.95 
B2S126 .... ......... 1.95 8212 .. -· ···· 3.25 
82S129 ··-· ... .. 1.95 8214 ..... ....... 6.50 
82S130 ...... 3.95 B22.4 ......... 3.49 
82S131 .. . 3.95 L2114· i4so·NsEc) 7.25 
MM16330 .. 1.50 L2114 (250 NSEC) 7.99 

( Wml'/;nc. WAMECO INC. 

FDC-1 FLOPPY CONTROLLER BOARD will drive 
shugar1, pertek, remic 5" & B" drives up to 8 drives. 
on board PROM wi th power boot up, will operate 
wilh CPM (not inclulded). 
PCBD ........................ ......... . ....... ............ .. .....S42.95 

FPB-1 Front Panel. (Finnally) AMSAI s ize hex dis
plays. Byle or instruction single step. 
PCBD ........ .. ....... .............................. ... ...... ... .. .$42.95 

MEM -1 8K X8 fully butlered . S· 100. uses 2102 type 
rams PCBD ..... ... ..... . .. .S24.95 
QM-12 MOTHER BOARD. 13 slol , 1erminated, S-100 
board only .. ....... $34 .95 
CPU-1 B080A Proce'5or board S- tOO with 8 level 
11ec1or lnterrupl PCBD .. S25.95 
RTC-1 Realt lme cl oc ~ board . Two Independent in· 
1errup1s. Software prog rammable. PCBD $25.95 
EPM-1 1702A 4K Eprom ca rd PCBD $25.95 
EPM-2 2708 / 2716 t6K / 32K 
EPROM CARD PCBD S24.95 
QM-9 MOTHER BOARD. Short Version OI OM· 12. 
9 Slots PCBD .. .S30.95 
MEM-2 16K x 8 Fully Butlered 
2114 Board PCBD $25.95 
16K RAM BOARD by HWE lully butlered . bank se· 
lect standard to IEE buss gold fingers, solder mask, 
plated 1hru holes. sil~ sc reened PCBD $25.95 
KLUDGE BOARD by HWE lor S- tOO glass epoxy 
over 2600 plated lhrough holes. 4 regula1ors with 
CAPS all S-100 funclion s labeled, gold fingers. 
PCBD S29.95 

FEB. SPECIAL SALE 
ON PREPAID ORDERS 

(charge cards not included on this ofter) 

WAMECO REAL TIME ClOCK BOARD. Kit with 
all factory marked parts .................................... $54.95 
PCBO ............. ... ...... .. ... ... .... ......... .... ... ... .. .... ......... $23.95 
4K x 8 EPROM. Fully· buffered with 1n1e1 1702A. 
Kit .............................................................. .. ....... :$74.B6 

MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBDS 
MEM-2 wi th MIKOS #7 16K ram 
with L2114 450 NSEC .. .. ......... .. ..... .. .... ........ .$249.95 
MEM-2 with MIKOS #13 16K ram 
with L2114 250 NSEC ........... .. ... ......................$269.95 
MEM-1 with MIKOS 11 450 NSEC BK 
RAM ......... . ................ .......... ......... ..........$123.95 
CPU-1 w1lh MIKOS 12 B080A CPU ... ........... 89.95 
MEM·1 with MIKOS 13 250 NSEC BK 
RAM .. .. ................... 144.95 
OM-12 wilh MIKOS #4 13 slo1 molher 
board ........... .. 
RTC-1 wllh MIKOS #5 re al l ime clock 
VB-1 B w11h MIKOS #6 video board less 
molex connectors ... ..... 
EMP-1 With MIKOS N10 4K 1702 less 
EPROMS ... 
EPM-2 with MIKOS # 11 16·32K EPROMS 

B9.95 
60.95 

99.95 

49.95 

less EPROMS ... 49.95 
QM-9 with MIKOS # 12 9 slot mother 
board 67.95 
M!)(CS PARIS ASSORTMENTS A.~E All F..._CJO RY PRIME 
p,r,, rns KITS lNCLU(JE Al l PARTS LISTED A.S REOUIAEO 
FOR THE COMPLE TE KIT LESS PARTS LISI EO ALL SOCKETS 
INCLUOEO. 

VI SA 0 1 MASTERCHARGE Srincl 11 cc ount number 1nlerbank 
number exprn:111on d:t:le an<J $1 gn you1 o rdct Appro .1 0 011 1ge 

IM5600 1.50 2102A-2L ..... ........... 1.60 wi ll bo 11ddCd Check or mo ney Ofda• will tio senl post paid m 
IM5603 .. 1.95 2102A-4L 1.25 US II you arc nol a reg uHH 'u.slomc r oloue u'e chergo . 

IM5604 3.95 2708 450 NSEC .... B.95 
IM5610 1.50 1702A·6 ·················· 3.50 
IM5623 1.95 4116 (Apple RAM) .. 12.95 

419 Portofino Drive 
San Carlos, California 94070 

c ash ie r s chock o r pos1<1 1 money o •do r C lhc11w •1a 1t1e10 w il l 
be a lwo .w eek delay for checks to c l ear Caht , residents •dd 
6.,ii 1a J1 Money b.lcliL 30 day gua ran1ee. We c1nno1 acceot re · 
1urncd IC 's tha t tu1vo been 'o1dc1e o 10 Pr1cos 1ubjec1 10 

IM5624 3.95 8/89.95 Please send tor IC. X1sror 
and Computer parts list 

change wlthou l nollco. 110 minimum otder. 11.50 unlc• charae 
on orden IH• lhan S10,00. 

to popular 

Here is a complete business package at an unbelievably tow price: 
Selectric communicating memory typewriter as work·station for 

keyboard data entry and letter-qual i ty print-out, with p lug-in interlace 
TRS·80 microcomputer for visual text-edit ing. POS RS232 

1/0 interface util i zes TRS-80 audio cassette port (no need for costly expansion 
module or disk-operating system.). for hardware and software compatibil i ty 

between the Selectric terminal and TRS-80 ELECTRIC PENCIL word-processing 
program. Data recorded on digi tal cassette drive of Se lectr ic terminal can be read 
into computer for visual editing and formatt ing. and then be transmi tted back to 
d igital cassene at 1200 baud rate for storage. Pr inting Is carr ied out ofl·l ine from tape 
to typewriter at speed of 15 cps, 

System features refurbished GTE/IS Model 560 ASCII Selectric Terminal wi th 
built- in digi tal cassette drive lor data storage - 70,000 character capacity per 1ape. 
Typewriter has 15" carr iage, interchangeable type balls , fabric/carbon ribbons, and 
keyboard familiar to your typist. 0p1ional modem, forms tractor. 

POS 103/202 

m 
! i i i ,.. ll ,.• p• i • . •• ' t 

• t• • t 

THIS IS THE MODEM the microcomputerist has.been waiting forl Highest commercial 
quality, the VADIC Corp. modem modules util ized are the same ones selected by 
a subsidiary of the telephone company for use with its own equipment. PACIFIC 
OFFICE SYSTEMS has packaged the VADIC circuit cards in an attractive desk-top 
case with standard serial interface, plug-<:ompatible with any terminal or computer 
having an EIA RS·232 1/0 por 1. Telephone line Interface is user->electable via 
acoustic coupler. manual Oat• Access Arrangement (COT). or auto-answer DAA 

(CBS) (sold separately.I FULLY ADJUSTED; no special tools required. 

NO RISKI 15 DAY APPROVAL ON ALL MAIL·ORDERS. 
FULL REFUND ON RETURNS. 

LOW COST WORD-PROCESSING & MASS STORAGE! 

- ('"-- '. 

~.:::.:........ 'ii 
' ~ - . ' . -~ 

... !"'" .... 1, 

. s 599.00 
100.00 
100.00 

GTE/ IS ASCI I Seleclric Memory Terminal • . ... 1,295.00 
ELECTR IC PENCIL™ Word Processing Program . 100.00 

SYSTEM PRICE .• . , . . . . . . , ... • . S2, 194.00 

BELL 103 and/or BELL 202 FREQUENCIES: Unique control 
design pemiits interchangeability 1n one housing of Bell-compat ible 
103 (0-300 baud) and 202C (0·1200 baud) modem circuit cards. 

BELL 103 PRICES: 
Standard Features $179.95 
VADIC Circuit Card only . with interlace instructions s 89.95 
Acoust ic Coupler with Receiver Amplifier s '29.95 
DAA Ki t (private l ine only) ; 14.95 

BELL 202 l>RICES: 
Standard Features, Includes Reverse Channel $249.95 
Standard Features, with Rev. Ch. and Auto Answer S279.95 
VADIC Circuit Card only, with interface instructions; 

with Reverse Channel, Manual DAA $149.95 
with Reverse Channel, Auto-Answer DAA $179.95 
Call or wri te for POS catalog of other products including 

tape drives. power supplies , video moni tors. forms tractors, 
paper tape readers, etc . 

--~~~~~~~~~~~~---------....~*~........------~~~~~~~~~~~~--
Call or write for details , quan tity prices, catalog. 15 day Full documentation included PLUS interface instructionsPACIF IC OFFICE SYSTEMS, INC. 
return privilege PLUS 90 day no charge replacement of where indicated. All equipment is shipped insured FOB

2600 El Camino Real, Sui te 502
defective pans. All orders shipped from stock. No back Palo Alto with in 14 days alter check clear< or CODPalo Alto, Calif. 94306
orders, no substitutions. MIC 8r VISA accepted. order is rece ived. Prices may change without notice.(415) 321 ·3866 
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•• 
BUY FROM THE BIGGEST 


Hams! Add a 
PET to your rig. 
Co "'pw11 " : "' ro1.u •l1 r1o n .,,.,,,, 
11.A .cror•o"o .,Mi.) .... ,.,,. 1111 ci rlac• 
Mlod •l'ltl11all'O •o'' """'• v ow , 1 m" 1 ~ 
PI0119 ll'lt 1o1n11 1nlO 'J'O"' Pfl •M 
r D11 tll' •e.11t1, 10 d•tPl.I) 11an•"'-'I 
.ir'ld •t-a-•~111 e11 ri 11t r cw 0 1 Rrtv 11 
1..1.. , t.10 I n 100 WP~ 

ASSEMBLED KITS 

$99.95 
SECOND CASSETTE 

FOR PET-$99.95 

AU11'1bl t id 

s179 
$209 

l!IP.t.NO YOUAi ICUI. 5YSTEM 

1"1 H 

'" 
....... 
r • ~l"'-"Cl" O!U' 4 

M JCAO n:c~ POW[~ !iUPPLY 
A·uol-..,t:l l'd S"l4U 

KIM ENCLOSURE 

NCE/CompuMart 
1250 North Main Street , Department BY29 
P.O. Box 8610 Ann Arbor, Michigan 48107 

THE PET 
CONNECTION S2•000 

naooo 
s 3500 

Nlt#'Ofk.S Mooem lor PET 
AUactles 10 OM $320 00 
C.t>tn11 S :J!t 00 

PET with St< user 
memoty $79!1 .00 
Secon<1 Cas5e lle d r 1~e $99.95 
RS-232 Pr tnlct Ad 1pfe1 -
ASSem blod ooa rd SH.SO 
W.th power s upely, CH• I 
conn.ct.or S169.00 
Beeper - PET conrrollCd 
beeo u u.s 

m .u 
EXfl'AHOA PET • Ec:onomic.1 16'( 
fl'llrtniOt'I' e.lj)IM>Otl POI 11\0 PEl ~ln-
Cludr.. I d.~nJV"ISC!' bQAJdl MJS.00 
...onoo.it~11'foo.Md l.)tS.00 

• READER/PuNCH NEW .ASCII INTERFACES 
lor Reader/Punch 

SELECTRIC-BASED 
TERMINAL FOR PET 

$895 
...,.1! '11!\-f"• Mtu11.1c l!d o 11"11' C·1t 1o tn• 
PEl UIP A1lt1fl'l•IEEE...,fl&D111 ai.• 
p 1onr~1 01 will'! 11'1• VIA U"l ' Po1110 1 
D•dirtoC t_ OMolll! I 0 lcl1t1I lo • Wo rc1 
P•oc•s•mo ilPPl•<1r.011 ' 

LOW-COST PRINTER 
FDR PET 

Ttl•t ' " 11 C(l!'flplelfe•r 'ehHt1111h11d 
Ter411 ,p.1r ,.;sA 3l t•'"'' n.111 ''"""~ to 
-'flac:ri to yw r Pf t • •n.tellK@ 10 
,ae •-'4 p111'te• 

Urgently needed: 
• Peripherals 
• Manufacturers surplus 
• Closed stores stock 

CASH 
AVAILABLE 

,..._ 
- - · JS) __. 

1&t.n•6•c; t1 r d11pl1 r l~p11nllb!• 
c:harae14111. tollwlf• UAJH tASCll 
Of Bawdol) 3 1•1••! mt.,f1c:1• • 
c•n•ll• I 0 lrt.1• comCIO,.I• Y•deo. 
~~. 1 ~~moa1•blt 1asy po,,.,41, c:on · 

TC-71 SELECTRIC TERMINALS 
:~l«>,.·~ll~-12~zD'~ri.C°:::i~ ,~~-1 
Ch1t1n dH' IJO c n a r lo ric 
"5(11 ••"io.n empAo,, 680'2' 
IOf coae CO'l ~lt• S •O" Stfl OU! 
ca1at09 lo• e1.1.,1s 
ASCII 
Rt"lu1t111-tll<I 
'.'Utr t. 11'19 ...,.,, 

.... 
HU 
IAH 
llJt 

~ J ~" 

....~ ---- ~-9-- ;
·~ 

s.ALf ASC~ l~~E.~ ~A~.~. ~~~"~C - 7"~ $169 
.1. ,flon l~(i;.~ of" !IJI "of • .,"II .1. S(;tt 1(. " I $1 59 

• CQl4' ; t1phlc • on yow1 TV 
• Mu1te and 101o1nd 1ynl"-e11r1tr 
• Bt.1UHn c•sHll• tape d1t•e 
• L,ug• 5l•llty 1tart1oa10 
• r ..o 1or11tcll• 1nclud1td 
• [Clw· DASIC t atHlll' lnc: lutl1td 
• IOIO Mlc1op1oc• uor 
• If( RAM 2JC: ACM 

II yo1o1 can·1 e1-1c td1 tieh•ecn a 
1oph11hc1 l td¥iC11to9tm1ttn.cl • 
l'IO-"lt computa1 thtn I,,• ln1a1 • 
act MoC11IOn• l•to1 wou Hoo\11 
10 r o<11 col or TY and wou ... . 1101 
both ' You c:•n play on• 1;11 11'1• 
9am• • wtuc:h a1• ln.c::lwcl•d I••• 
0 1 y o" Cit! lo1d fdu •OASIC and 
w11 te ro 111 o ...n !il•"'••Yot.1 c •n 
'"•• P409••m• Of 011 1 v11n9 
. .... bt.1i1Mn C•H• ll• llP4 d!lv• 
8••1 ot all r oll 9•1 0¥ er S29t 
• Ofll'I ot Il l• Clllll11t l l'IClud· 

8 LEVEL PAPER 
TAPE/READER 
PUNCH 

USED 190 day 
w<"rran tv) S175.00 

Oocumcn1a11on 
Package $15.00 

Bo-1•ch & Cab'•• 
P11 ..l ll'I U M 

R513;' Sii'"'" ' U~CI 

Bo•id Clttl lH Po·"""' SuoCI~~ 
P•r•ll•I 100 
StJro..11 H IS 

Boero C.tDIH P o ... ('• S1o1cip1~ l .. ......... 
P.11r1Ufll U15 
S.. r•.11 1711) 

Hazeltine 
1400 

Now a 5th Generation 
in Terminals : 

Introductory Sale Price 
Immediate Delivery 

• 24 x 80 display 
• RS-232C interface 
• 110 to 9600 Baud 
• 12" CRT Monitor 
• Remote screen control 
• Uses 8048 microprocessor 
• State-of-the-art design 

A full capability terminal completely 
assembled with a 90 day warranty 
for less than you 'd pay for a kit . 

Ol.1c ll. 1•c: ll. - Wag• • "1Cl•o ttuc:,1 
COITllJ"l••A·Color - E1•y gr•pll lc• 
Hangm11\- lh1wo1c1 g.11T'l1 
l(noc i..down - A Cl•C • 91m• 
M:111 - Compullt m•H 

Regan1 - R1c1 rovt th•P 
5h0• 00"" " - Ounl1qfll 

,.~..~· 

PET--~-~ 

$795 

f'11'9!!911· --:~ • I
-
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MASS STORAGE 

Apple Minifloppy Disk Drive 

The Apple 11 disk drive is available 
from Apple Computer In c, 10260 Band
ley Dr, Cupertino CA 95014. Disk ll 's 
rapid access to programs and data makes 
possible a wide variety of new applica
tions inc luding personal fina nce, small 
business systems, home record keeping 
and many more. 

Disk ll 's disk operating system 
(DOS) software provides dynamic disk 
space allocation so a system user need 
not be concerned with the size or 
physical location of a f ile on a disk. The 
DOS performs this housekeeping func
t ion ; the user simply indicates the name 
of the file being stored or retrieved. The 
DOS provides compatib ility with exist
ing languages through the use of stand· 
ard BASIC commands. 

Th e Disk II subsystem consists of an 
intelligent interface card and either one 
or two minifloppy drives. The computer 
will handle up to seven controller cards 
and 14 drives for instant access to more 
than 1.6 million bytes of data. The 
combination of a bootstrap loader in 
read only memory and an opera ting sys· 
tern in programmab le memory provides 
powerful disk handling capability with 
the following features: full disk capabil· 
ity for systems with as little as 16 K 
bytes of programmable memory , the 
ability to load and store files by name, 
random and sequential access, auto
matically generated file name directories, 
storage capac ity of 116 K bytes per disk, 
and the ability to be driven from Apple 
11 power supply with no other power re· 
quired . The Disk II is priced at $495.• 

Circle 556 on inquiry cerd. 

This new 8 inch , dual-sided floppy 
disk drive is capable of recording and 
reading data on both sides of an IBM 
(or equivalent) disk 2 or 2D. The drive, 

Dual-Sided Floppy Disk Drive Compatible with IBM Disk 2 and 20 

de sign ated FD6 50, offers an immedi
atel y ad dressa ble un formatted storage 
ca pacity of 1 .6 M bytes. 

The FD650 is capable of double 
density operation using modified fre
quency modulation encoding. Al l elec· 
tronics arc on a single printed circuit 
board. Trac k ro track access time is 
three ms, with head load time of 35 
ms, and track settling time of 15 ms. 
The user can daisy cha in up to eight 
drives. 

Head -positioning is achieved by a 
steel band attached to the head car· 
riage and Lo a drive pulley on the shaft 
of a 4 phase 1.8 • permanent magnet 
step per motor. Each step of the motor 
causes the head to move one track. 

The FD650 is priced at $755 in single 
quan tities. Contact Pertee Computer 
Corp , 9600 Irondale Av, Chatsworth CA 
91311.• 

Circle 557 on inquiry card. 

Where Do New Product Items 
Come From? 

The information printed In the 
new products pages of 8 YTE is 
obtained from "new product" or 
"press release" copy sent by the 
promoters of new products. We 
openly solicit releases and photos 
from manufacturers and suppliers 
to this marketplace. The Infor
mation Is printed more or less as a 
first In first out queue, subject to 
occasionai priority modifications. 
While we would not knowingly 
print untrue or Inaccurate data, or 
data from unreliable companies, 
our capacity to evaluate the pro
ducts and companies appearing In 
the "What's New?" feature Is 
necessarily limited. We therefore 
cannot be responsible for product 
quality or company performance. 

Modular Minifloppy Storage System 

Designated the Diskwriter SA-11, this 
modula r minifloppy storage system 
al lows the user to field upgrade to a dual 
drive and/or add memory for program· 
mabllity. 

The normal operating software such 
as insert, delete, selective print, split data 
ra te, global find or replace, columnar 
insert , etc, are included. The software 
allows the user, as an extra option, to 
set up prompts from the keyboard or 
from a disk . Any dumb terminal can 

be upgraded to intelligent terminal 
capability. 

The price of the Diskwriter SA· 11 
is $1495. For further Information, 
contact Hands On Terminals Inc, 1215 
S E Ivon, Portland OR 97202.• 

Circle 558 on lnqulrv card . 
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SUPPLIES 

«.~ ~;j

qme


• 	FLOPPY OISKS. MINI OR 
STANDA RD MEMOREX OR JM 

• )M OATA CARTR IOGES 

DCJOOA. DC IODA 


• JM OIGIT AL CASSETIES 
• JM DR ME MO REX AUDIO 

CASSETTES, C·60 
• JM DISK CARTRI DGES 

WE OFFER : 
• COMPETITIVE PRICING 
• IMMEDIATE OELIVERIES 

!Any Ou1nlityl 
• UNCONOI TIONAL GUARANTEE 

BETA BUSINESS SYSTEMS 
8369 VICKERS Sl ., f G 

- SAN Ot EGO,CA 921 'l WiiiiiiiJ
iiii OUI 5654505 ~ 

Circle 31 on inquiry card. 

PROGRAMMING 

CONTEST! 

MICRO-PUZZLE NO. 2 

111 flR.ll.£- hOPPY Dl!l!C S'tSTE " 011. U OOD ( .\SH 
i;Nt r R.tlE - hOATPfCf POINl :BO.AllD Oil i .C.00 CASH 
) •d 1111.l!E · .\UDIO u.uu.:.!E DA t 2:00 CUH 

M I R 0 
H A 

0 
H 

s 

16 

11 

" = 61 

II 

•P1Y CArl ft •[ llU~M; '1 11iU ~OL'I'!: 1'!1 :i Pu~1L( (_.,!.lUt 
ln...t.H l•1t ""'- t: ~lril Mlll~l' 50"1(Wl1!:1i:( Off fAlt':I< 
IH[AE JotU!>1 !If A C.Ofoilf'Vl!it IU:O.T CAJj llCl\f rut 
tlU~llS WltO Uil(lt 11115 CON Tl S I. ll ll S I~ I, 
TOTALL 'r 011Jtt1 I V[ PUHL[. Pt";ilCCT POI( ((IM.t>U l (R 
~CLltTIQ• j. JlrfHl. it!> AliC DET[IU1.lllt0 SOLt L'r Q•j 

lt1EPI ADIL I I f TO (;[J Tl![ ttl r.Hn:T sco1u: w fdJO ~lf 
I M0.'411t ~ TIME . i.11t t SI" 11R I Z[ ,\It:[ llOW ilOO. 

YDr cinu·~· forn. >lnd o!!lc hl rulo1 ~end 

A 1olt 1uldrt!•1C!d 11t.11:nped envelope co: 

MICIO·nJlZLH D'11• A i!U C11nt11loupa Ave. 

Van fl.ay11. (.",'\llfornl" 9l "40::? 

Circle 227 on inquiry card. 

••CRT INTERFACES•• 
black• white/co/or 

Monltora • Comblnltlon Rcvr /monitor sets 
• Modulator klli • B·W C1mtr11 • Color 
c1meras • Audio Subcarrler klh • Pa 

WRITE or PHONE for DETAILS & PRICING. 

DIAL: 402·981·3111 

Dealer• welcomed, Well established program, 

~ 13·B ATV Resoarcil1 Dakota Olly,
Broadway ~ NE. 68131 

Circle 22 on inquiry card. 

Short Cu.sette.s for Perso n11I Compulen 

c-10(Q CJ 0 F~~T 
U• l $1.00 10 for $7.50 50 for $32.50 

I MICROSElTE CO. \ 
777 Pnlomor Aue. • Sunnyuole. CA 94086 

DapUcation Service• 

Mlcrosette also offers forofesslonal 
dupllcatlon services or Commo
dore PET and Radio Shack TRS-80 
Level I and level II cassettes. Our 
service provides mastering, quality 
control. all material Including two· 
piece box, affixing of your labels or 
supplying our blank labels and ship· 
ping. Prices start at $1.00 each In 
100 quantity. 

MICROSElTE CO. 
777 Palo11U1r Ave. · Sunnyuale, CA 94086 

Circle 229 on inquiry card. 

ICitlll r~1~nts.1diJ 
fi :.. sa!~ t.a 1 lto 

·-.f,\ . k ..ELECTRONICS 

II" ' 19~99 .S,n Die•u CA 92 11 9 (7 H\H 7- 1770 

Circle 23 on inquiry card. 

6800 OWNERS 
Al lest a real world fullv 1ddr•11o•bl• 55·50 
control interface. Control rob<lts, .op,:ihonces , 
organs, solar CIOY1ces. otc. Apphc11bon5 limited 
onlv br. your 1muglnut1on. Easy to use with ma. 

~~~~~ ~1~i~8~i~e~t;'~~~sr::~~; ~~~~t1b~~1~'":e~ 
5ponds to any address aerlMd by user. B fuse 
relllys l.lltch datu whlle B opto·lsolntors ollow 
hariashakon9 capacity Kit ISB.OO 

AHomblod and tested 112!1 .00 

. EXTENDER BOARDS 
Extend both the 30 enci 50 pin busos in SWTP 
6800 Both for 118.811 . 

\11 a.1 iS M.-U~Cf" c~ • /l.n: Rn• lltirf 7" SClllll• nn 
WAITE FOR DETAILS 

TRANSmON ENllAPRISIS INC. 
Bt•r Route, Box 141, Buck•v•. AZ 85326 

Circle 373 on inquiry card. 

TEXT WRITER II 
WORD PROCESSING AT A 

REASONABLE PRICE 
• PRINT 1-11 ES CR EATEll llY YOUR EDITIN(; 

PROGR1\ M 
• <OENERATE FORM LETTFRS FROM.'\ 
~I AJl . J N(; 11 T 

• 	l' l:RSONAl.IZE I ETIER WITH 
,\ UTOMA nc NA~ I E INSERT ION 

• 	llUJl.D CONTRACTS. SPJ;C IFICATIONS. OR 
CJTHl: R DCKUME TS FROM ,\ 
Po\ RA<;RAl'H I IHRAR\' 

• u;n 	AND Rl(;HT J USTIFl("ATION. TABS. 
CENTFR JNG . 1'1\ RA<;RAl'H Fil LIN(; . ~TC 

• 	AUTO~IATIC PM;t; AND CHAPTER 
UMBER ING 

• 	WOR~S WITH AN\'TERMINALAND 
PRINTER 

VERSIONSAV,\ILABLE FO R: 

VECTOR MZ wi1h LINEED IT 


MI CROPOLIS 3.0 or 4.0 wi1h LINEEDll' 


NORTH STA R ~ i •h ALS8 
'65 .00 For Diskelle and Manual · 


'10.00 For Manual Alone 

(Cali f. residents add 60/o sales tax) 


ORGANIC SOFTWARE 
1492 Windi;or Wa> • li\l·rmorc. CA 94550 

I~ Ill 4ll·40l4 

Circle 291 on inquiry card. 

TRS-80 

16K MEMORY EXPANSION 

KIT. .. . . ... .. .. . $ 79.95 

DISK DRIVES .•.•... $ 399.00 

CENTRONICS 779 TRACTOR 
PRINTERS .... . . . $1179.00 

TRS-80 & PET SOFTWARE. 
SEND FOR FREE CATALOG. 

APPARAT, INC. 
6000 E. Evans Ave. Bldg. 2 
Denver, CO 80222 
303·758-7275 

Circle 9 on inquiry card. 

SU RPL U S ELECTROl\llCS 

ASCII - ASCII-
~-

IBM SELECTRIC @ 
BASED 1/0 TERMINAL 


WITH ASCII CONVERSION 

INSTALLED $645.00 


• Tape Drives • Cable 
• 	 Cassette Drives • Wire 
• Power Supplies 12V15A, 12V25A. 
5V36A Others. • Displays 
• Cablneu • XFMRS e Heat 
Sinks • Printers • Components 
Many other Items 

Write for free catalog 

WORLDWIDE ELECT. INC. 
130 NORTHEASTERN BLVD. 
NASHUA. N .H. 03060 
Phone orders accepted using VISA 
or MC. Toll Free 1-800.258-1036 
In N.H. 603-889·7661 

Circle 395 on inquiry card . 

http:112!1.00


CAlifoRNiA DiGiTAl 

Post Office Box 3097 B • Torrance, California 90503 

Hazeltine 1400 
cost effective 

CRT TERMINAL 

11Js.~~~1.. 
The Hazeh l.nc 1400 Vidi o Displ ay Terminal h1 designed to 
optimize in1crae:tlvc rcal-tl me ope ration s. Th ~ int e r face is 
capnbl e of e ithe r l ocal or remote connection throu gh an ELA 
RS232 - C lnh: r foce .., bnud rates that a r e switch sel ectable 
up lo OG OO baud. 

~ Shugart Associates 

SASOO·R Floppy Disk Drive 

COLOR• GRAPHICS• SOUND 

ScotcH Certified Digital 
CASSETTES 

19 l'I AN C 
Won•t drop a BIT ! 

• 

DISKETTES 
8inch SoftUBMI 
8inch32sector 
Mini Soft sec. 
Mini 10 sector 
Mini 16 sector 

•sso 

II
CALIFORNIA 
INOUSTRIAL 

It 1n 
Authoriied 
Duler ol 

Scotch Sund 
D1h Products 

EMORY ~ 
TRS·SO s95 j '
APPLE II I . 

16k memory<8>4116's 
• As you may be aware, publishe rs 

require advertise r s Lo submit their . 
ad copy 60 to 90 days prior to 11pre.ss 11 ·".~>. · 
date. That mu ch lead time in a vol ntilc ma rket p l ace, 
su ch as memory circuits . makes It e xt remely difficult 
to project fu1u1·e cost and avaiUabllity. 
l'o obtain the best pric[ng on memory we have made 
volume c:onun ltntenla LO our suppliers , which ln turn 
a ffo r ds u.s l hc opporhmily to sell these cl rcuit.s a t the 
most compctlti ve prices. Pl~asc contact us if you 
If you have n demand fol" volume slate of lhe ar1 mem
ory p 1·odu c1.s.. 

STATIC 1-31 32-99 100-SC -999 IKt 

21 L02 450nS. l. •19 I. 19 l. 05 ' 95 '89 
21 L02 250nS. !. 69 !. 49 1. ~5 • 
2 1 l 'i IK"<4: -t ~O 6. 95 G. 50 G. 25 6.00 5. 75 
2 11 ; ll\x1 300 8. 95 8. 50 8 . 00 • 
404 4 ilK.'< I 4 50 5 . 95 5. 50 5. 00 
404; 4Kxl 250 9 . 95 9. 5 0 9. 00 
·10·15 ll\x•I 450 8. 95 8 . 5 0 8. 00 
4045 IK,•1 250 9. 95 9. 5 0 9. 00 
5257 low pow. 7. 95 7. 5 0 7.0 5 6.75 6.45 

SPECIAL CIRCUITS 

24. 95 
9. 95 

22. 50
• 

49 . 95 

AY5·!0 13A UAffl' ·I. 9i> 
F loppy Disc ControUc rs 

WD 177 J smglc 0. 39. S5 
\VD 178 I Double D 65. 00 
WD ! 79J U' D 3740 

EPROMS 1-15 16-63 64+ 

!702A 2K '· 95 "· 50 ~- 00 
2108 . 8 1, D. 95 9. 50 9. oo 
27 16 ! GK 19. 95 
2532 32K 

51024 Mt,. ~,1-
RehiL ... 

•1195 

APPLE RS·232 
Serl1l Interface *59.95 
lntc rfac:cs 
Applo 11 to 
rcletype or 

ot her scri 
nJ pr intl..' I' , 

ELECTRONIC 
SYSTEMS 

@4:.ataphone 
model $2492400 . 

Facto ry new Be ll System 
modems. Some units show 
cosme ti c damage. Oocu 
m -nt a11on not included . 
Ot he r models avail alllc call 
fo r pdcc and quantities. 

Extender Board 

mulleft s34,9S 
Facilitates design and trou
bleshooting or all S-100 mi 
c r osiys te ms. lncludes logic 
probe a long with high- low 
and puls e LEI) disp lay . 
Also a vailable , the Mu llin 

CB- I controllc 1· board $88. 

This ls a one time purc hase or 
NEW Surplus keybo:irde , r e 
ccnlly 3QUi r ed from the Tele 
communications Divi sion o r the 
Si.11ger Corpor a tion. 
T he keyboard features 128 
ASC U charact ers in n 63 key 
format, MOS encoder circuitry 
"N" key roUove r, Lighted s hift 
lock , cont r ol. escape nnd r c 
pete functions . 
Slope d p anncl and positive feel 
switches. mak~s thls profes 
sional quality keyboa r d an cx

~$i;~~~~~~~ti~~~~~~~~t~~fl,ccU ent buy al only $64.9f1.Lj L lmllc d Quantll1es. 

lllJlrt Wllp 

pl H . 2§. ~0 

• 
14 37<3G JS 

" 31 37 l& 
24 99 93 15 
40 169 IS'l 119 

PLUS SNIPPING 

7101 C&K ON ·NONE· ON 
7101 jbl ON·Off(mnt.ON) 
7 lDI CK OH ·Cmoment . ON> 
Rocket J8T -  D,DT 
Rotu,. 3P· 4·Pos. 
Rohr1 3P· 6·Pos. 
Push B OtD.l S..39H. 4/ 51 

low protlle 
.... 2§. 50 

17• 16 15 
18 17 16 
19 18 17 

36 35 34 
63H 58 

SOii. KYNAR:m 
~98 



Keyboard Provides ASR 37 
Teletype Format 

of INTEREST to DESIGNERSW~at's NewP 
The 77 key Model L69601 provides 

Low Cost Impact Printing System 

A family of impact print mecha
nisms, the associated controls, and 
power supplies for inexpensive column 
printing have been announced by 
Sodeco, 4 Westchester Plz, Elmsford NY 
10523. Series PR15 and PR21 printing 
mechanisms can print either 15 or 21 
columns, respectively, numeric only 
or full alphanumeric data. The printing 
is done at speeds of up to three lines 
per second for numeric models, or 15 
lines per second for full alphanumeric. 
Measuring 5.8 by 6 by 2.3 inches (14.73 
by 15 .24 by 5.84 cm), the PR series 
printers use snap·in 2 color ribbon 
cartridges. The second color permits 
the highlighting of more important 
data or messages. Quantities of 100 or 
more are $105 for the 15 column printer 
and $130 for the 21 column model. 

Sodeco also offers two interface/ 
controllers. Model 4-621-9205 uses a 
F8 microprocessor while Model 4-621
9210 uses a Mostek 3870 processor. 
Both interfaces accept ASCII serial and 

8 bit parallel, RS232C or BCD parallel 
data formats. Both interfaces contain 
all the circuitry requi red to operate the 
pri nters, including t he hammer solenoid 
drivers, read only memory character 
generator, a full line buffer, timing 
control, full handshaking facili ties and 
related logic necessary for interfacing 
and controlling the series PR printer. 
Prices for the 3870 based interface board 
are $120 and $250 for the F 8 based 
board. In addition , the 3870 integrated 
circuit, completely programmed, is avail
able separately for $40. 

To provide power for the above sys
tem, Sodeco offers a custom power 
supply that has all tlie voltages required 
by the Series PR 15 and 21 column 
printers and the associated interfaces. 
Designated the Model CP242, the unit 
is 2 3/4 by 3!4 by 7 3/4 inches (6.99 by 
8.26 by 19.69 cm) and can operate 
either on 120 VAC, 60 Hz or 220 VAC, 
50 Hz line. The CP242 is priced at $90.• 

Circle 599 on inQuirv card . 

the ASR 37 Teletype format with all 
128 ASCII characters and a high speed 
numeric entry pad, five cursor control 
keys and four spare key positions for 
custom use. This keyboard features 77 
capacitive, low profile solderless key 
switches, double shot molded keytops, 
lighted Teletype lock, and two key 
rollover. The keyswitches offer the 
standard travel and force of the electric 
typewri ter. This OEM key board is avail
able assembled and tested for $139 . For 
further information, contact Yestronlcs, 
POB 1892, S Hackensack NJ 07602.• 

Circle 600 on inquiry card . 

New Programmable Keyboard 

This stan dard ASR 33 keyboard is 
solid state and offers maximum flex
ibi lity due to programmable read only 
memory encoding. The ASR 33 can be 
pu rchased fully encoded or without 
programmable read only memory for 
customer programm ing to provide com
pletely unique codes. Some o f the 
standard features inclu de N key rollover, 
working life in excess of 100,000,000 
operation per keystation, MOS scanning 
and interlock generation . For additional 
Information request Product Bulle tin 
#K5001 from Cortron Division, Illinois 
Tool Works Inc , 6601 W Irving Park Rd , 
Chicago IL 60634.• 

Circle 601 on inquiry card . 

Synchronous Data Link Controller Circuit 

This MOS/LSI programmable syn· 
chronous data link controller (SDLC) 

integrated circuit has been introduced 
by Western Digital Corp, 3128 Red 
Hill Av, Newport Beach CA 92663. 
This new device, the SD 1933A/B, 
has an NRZI encode and decode op
tion and digital ph ase lock loop when 
in 32X mode. Fully compatible with 
IBM, HDLC, and ADCCP specifications, 
the SD 1933 controller interfaces 
parallel digital systems to synchronous 
serial data communication channels 
employing ADLC line protocol. In 
app lications such as telecommunica
tions, switching networks, packet 
switching, or In mainframe terminal 
communications, the SD 1933 replaces 
nearly 70 logic integrated circuits 
currently required for the same functi on. 

Featuri ng synchronous full duplex 

operation , programmable modem con
trol interrupts, error detection, and go 
ahead option for loop applications, the 
40 pin chip is able to support bps rates 
to 1.5 MHz. Its 8 bit architecture enables 
it to provide a full set of modem con
trols. The SDLC controller may be used 
with all types of mainframe, minicom
puter and microcomputer data buses. 
The protocol includes zero insertion and 
deletion, CRC generation and checking 
and automatic detection and generation 
of special control characters. A direct 
memory access mode is available. Double 
buffering of data enables the receiver 
buffer to hold data and status infor
mation while the transmitter buffer 
contains data and control information.• 

Circle 602 on inquiry card. 
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, Mention part number. description, end price. In USA, shipping paid for orders accompe~ied ~y che.ct. money order,or Master Char ge, BankAmericard, o~1i0 0fder, number, expiration date and signature. Shipping charges added to C.0 .0 . orders. Celiforma residents add 6.SC\'o ,for tax. Outside USA add 10C\'o for a1~ mail 
postage end handling. no C.O.O.'s. Checks and money orders must be payable in US dollars. Parts kits include sockets for all I Cs. components, and circuit 

~ - board. Documentation is Included with ell produces. Prices are in US dollars. No open accounts. To eliminate tariff in Canada boxes are marked "Computer
i... Perts." Dealer inquiries invited. 24 Hour Order Line: !4081 226-406 4 * Circuits designed by John Bell 

For free catalo including parts lists and schematics. send a self-addressed stamped envelope. 

ELECTRONIC SYSTEMS Dept. B, P.O. Box 21638, San Jose, CA. USA 95151 

TRS-80 e.s. 

SERIAL 1/0 
• RS-232 compati 
ble • Can be used with 
or without the expan
sion bus • On board 
switch selectable baud 
rates of 11 0, 1 50, 
3)0, 600, 1200, 2400, 
parity or no parity odd 
or even. 5 to B data 
bits, and 1 or 2 stop 
bits. O.T.R. line. Board 
only $19.95 Part No. 
801o.Wth perts $59.95 
Part No. 8010A, as
sembled $79.95 Part 
No. 801 DC. No con
nectors provided. see 

HEX ENCODED E.S. 

KEYBOARD 
This HEX keyboard 
has 19 keys, 16encod
ed with 3 user defin
able. The encoded TIL 
outputs. B-4-2-1 and 
STROBE are debounced 
and available in true 
and complement form. 
Four onboard LEDs 
indicate the HEX code 
generated for each 
key depression. The 
board requires a single 
+5 volt supply. Board 
only $15.00 Part No. 
HEX-3, with parts 
$49.95 Part No. HEX
3A. 44 pin edge con

.... 3CA940. .._. 
S-100 BUS 

ACTIVE TERMINATOR * 
Board only $14.95 Part No. 900, with parts 
$24.95 Part No. SODA 

9 AND 13 SLOT~mt:'/n<. 
MOTHER BOARDS 

All traces are reflow solder covered and both 
sides are solder masked. The connectors 
used on these boards are the IMSAI"' type 
!.125" between pins, .250" between rows!. 
Spacing between connectors is .750". All 
lines, except power and ground, have a 
passive RC network termination available. 
There is a kluge area available that will accept 
two 40 pin sockets and one 36 pin socket. 
The circuitry for supplying three separate 
regulated voltages to the kluge area is 
contained on the board. Part No. QMB-12 
$40 bare. $105 kit, $120 assembled. Part 
No. QMS-9 $35 bare , $90 kit, $105 
assembled. 

4K EPROM LW_mc1;,. .. 

This board is designed to operate with any 
speed or power 1702A. Addressable in 4K 
byte increments and can ba configured to 
occupy either 2K or 4K segments. It can be 
populated one memory chip at a t ime. Sare 
board $30, board with parts $200, assembled 
$230. Part No. EPM-1 

1 &K OR 32K EPROM 
/WliJeJntL 

Designed to operate with any speed or power 
2708 or single voltage (+5Vl 2716. Address
able in 4K increments and can occupy 
multiples of 4K. It can be populated one 
memory chip at a time. Has bank addressing 
and Phantom Disable. The board comes with 
an exclusive software program that can be 
placed in a 2708 or 2716 that will, when used 
in conjunction with a RAM memory board, 
check out every line on the EPM-2. Bare 
board $30, board wi th perts with 270B 
$455, assembled $485. Board with perts 
with 2716 $1,225, 11ssembled $ 1,255. Part 
No. EPM-2 

.. t,,,)···· 
~ · ....... . 

' •. I . i: . I ~ , f { 1 . 1: . 

:.~1" .... ~ ."' .... " 
' 

I •ii:: 
Cl 'CIJ!M' IJ 

PllCEON 

65K DYNAMIC RAM 
Mein memory for microcomputers, intell igent 
terminals. business systems. medical sys
tems, and OEM systems. • High density 
random access memory 48K bytes or 64K 
bytes • Fully buffered • 5-100 bus compat 
ible • Low power !dynamic memory)• Trans
parent refresh • Digital delay line techniques 
for reliable operation • Multiple boards 
allowed using hardware or software controlled 
bank select • "Phantom" signal for RAM/ 
ADM over lap • All boards ere fully tested 
prior to shipment. Operating System test 
and extensive bit pattern tasting. • Works 
directly in 8080A processors or Z-80 
environment at 2MHz • Currently used by 
industry • 1 year warranty. Only available 
assembled end tested with 48K $1 ,250 Part 
No. 48K, or with 65K $1.475 Part No. 65V 

BOBQA CPU !With Eightlev•I 

Victor Interrupt Capabllltyl 


Uses the 8080'A and the B224 clock chip. 
The crystal frequency used is 18 MHz and 
the vector interrupt chip is the 8214. The 
board will function normally without the 
interrupt circui try. When the interrupt 
circuitry is built up, the board will respond to 
eight levels of interrupts. Designed to be a 
plug-in replacement for the IMSAI CPU board 
and will work in other computers with the 
appropriate modifications made to the ribbon 
cable connector pin out from the front panel. 
The board will work in systems without a 
front panel if the system has a PROM board 
that simulates the functions of the front 
panel. Sare board $30, with parts $185, 
assembled $220. Part No. CPU-1 

16K STATIC RAM_ 
1wmc1tn& 

Operates with any speed or power 2114. All 
input and output lines are fully buffered. 
Addressable in 4K byte increments. If the 
system has a front panel. the board will allow 
itself to be protected. If there is no front 
panel. the board will1 not allow itself to be 
pr otected. The board has Bank Addr ess 
capability, Phantom Disable, MWRITE, and 
selectable wait states. Bare board $30, 
board with parts $665. Part No. MEM2 

BK EPROM PllCEDN 

Saves programs on PROM permanently(untll 
erased via UV light! up to BK bytes. Programs 
may be directly run from the program saver 
such as fixed routines or assemblers. • S
100 bus compatible • Room for SK byte:; of 
EPROM non-volatile memoryC2708'sl. •On
boerd PROM programming • Address 
relocation of each 4K or memory to any 4K 
boundary within 64K • Power on jump and 
reset jump option for "turnkey" systems and 
computers without a front panel • Program 
saver software available • Solder mask both 
sides • Full silkscreen for easy assembly. 
Program saver software in 1 2708 EPROM 
$25. Bare board $35 including custom coil, 
board with parts but no EPRDMS $139, with 
4 EPROMS $179, with 8 EPROMS $219. 

Circle 125 on inqui ry card . BYTE February 1979 223 

below. nector $4.00 Part No. 
44P. 

I II !'I 

3' ribbon C•IM 
wilh ttttchtd con
nec.1ot'S to fit TAS· 
eo 1ndl our•-"" 
bordS19.85PW1. 

VIS~ 



HYTYPE I 

11111111111m111111111111111111111111111111111111111111111111 

Discounts on 

Xitan, Cromemco, SD Systems, 
Vector, TEI, North Star , Apple, 
Hytype II , Qume, Axiom, Tl, 
Centronics, Integral Data Systems, 
Soroc. Lear Siegler, lntertec, 
Micromation , PerSci , Micropolis, 
SSM, Computal ker, Heuristics, 
Mountain Hardware, Summagraphics, 
MiniTerm , CompuColor, Exidy. 

11111111111111111111111111111111111111111111111111111111111111 

rTII[) l'l ll rTifl I'll 
Microcomputers, Peripherals 

and Software 

1015 NAVARRO SAN AN TONIO , TEXAS 78205 

5 121222· I 427 

Circle 221 on inquiry card. 

THERMAL 
PRINTER 

s49,9s 
HANDLING CHARGE 


INCLUDED 


• 12 characters/ line 
• 5 x 7 dot mabix 
• Alphanumeric capability 
• Weighs 6 ounces 
• Uses 21/.i inch thennal paper 

Send check. money order. or M.1ster Chhrgc or 
VlSA number .!Ind expirnt!on dare to: 

BOOTSTRAP ENTERPRISES 
100 N. CentraJ Expressway 
Richardson, Texas 75080 

(214) 238-9262 

Circle 33 on inqu iry card. 

NOW AVAILABLE 

PET AND SOL SOFTWARE IN BASIC 
ST AT IST ICS · 	 0•11 totlvh0 1'1 S !19~ 

Lor.Ht Cot1ci l•l•Ofl d"d fl• t,1 •Ul •/Jt1 !i 9!1 

Conhn91n( ., f .1tit• AIUll 'fM S SS. 
M~.11,., .11t1d Ono111•0" !i !l~ 

•lt/O!Jr tOI Ofll/1'° 1e 95 

FINA NCIAL Oep•-c•ar•on !i 9~ 
L.oa"'' i!i 9S 
l n ~fl1 "TIB'1 1 !i 9S 

~I rhrn fo, ontl' 1i 9S 

GE NERA L: 	 To( l a.c Tot1 4 9!i 
ComOlt!•if' Mor l r·~ cl)ll...IH•O" !i 9!i 
C~~bOO~ B.111.:a "'c:orr 4 9'> 

•111'rrtt '°' onl'ol l O !l5 

FOA THE l(IM·1 

A.,_, , 1-m, PROCESS CONTROi.. OPERA flN G S'l'STEM 
•rteluO•"IJ • tUOCot n 11n~u~ •"1e 1111ot1ot1 lo peo11or1 '" 11'1• 1 k 
1<. IM , RAMl 
A~HIP1 bly l1'h"'Qo $}4 9!'1 
C.an .eue !.llPO w1 ti'I 1no11" "'"nuo1.I 14 9i;:. 
5.<: l'lt •n .. 1o1: lc:u •• lay C: O"HOI too•1d !11'51 ~ 

.Al l 0'0G9.t1'T'l\Or'I P'l •gl'l ·tfu llol'( CUUlH 1~1H 

5.rnd 11· ll ·.11dd"lll"W" d , 11 • muti;l 1t n~1 l gpto 1-cr c:omplf!l.P u:r.ri,,,,... ,, 
t 11.. 1ogur 

H. GELLER COMPUTER SYSTEMS 
Dept. B, P. 0 . Box 350 


NEW YORK, NEW YORK 10040 

(New York Stale residen ts add 8% sales rax/ 

Circle 154 on inquiry card . 

HAZELTINE 


~;:~~ 

• 	 Verbatim Mini Diskettes $3.70 

each (boxes of 10) · 
• 	 Two-tier walnut formica enclo

sure for SA-400 Shugart •.• $39.95 
• 	 Typewriter Ribbons (many makes 

such as Oiablo, Centronics, DEC 
and print wheels) 

• 	 North Star check balancing pro
gram . ..$50.00 

• 	 Centronics 779 tractor - $1150.00 
• 	 Horizon II ass. - $1999.00 

T ORA SYSTEM INC. 
Mail 29-02 23rd Avenue 

Order 
Astoria NY 11105Only. 

(212) 932-3533 

Circle 371 on inquiry card. 

APPLE 

OWNERS 


Star Base Aries 
ISDG. special ists in apple software. are 
pleased to announce the availability ol 
the first ol many realistic , rea l time 
simulat ions utiliz ing high resolution 
graphics. True to the laws ol orbi1al 
mechanics. this program simulates 
the acquisition ol and docking with a 
rotat ing space stat ion . 

The program is available in tape 
($15.00) and disc ($18.00) . The tape 
version requ ires 16K ol ram. Forward 
check or money order to: 

ISDG Inc. 
312 Highgate Avenue 

Bullalo, New York 14215 
~ N Y Stalo res1donls add 7'1lrt sales 1a>q 

ALL OW 6 WEEKS FOR DE LI VE RY 

Circle 187 on inquiry card . 

@M@LDGIC 

for graphics! 

Software 
Graphic drivers for Dazzler, 
Matrox ALT-256**2, and 
Vector Graphics. 

Plus 30 Graphics for Apple II , 
8080 and Z80, and M6800. 

Hardware -
Matrox ALT-256 display boards. 

The engineering 
& graphics (217) 367-0299 

softwaropeople LOGIC 
@Q.LJ@Box V, Savoy, IL 61874 

Circle 351 on inquiry card. 

COMPUTER MART 
of NEW HAMPSHIRE, Inc.

* SPECIALIZING IN BUSINESS * 
AND PERSONAL COMPUTERS 

DATA GENERAL microNOVA® 

XITAN, NORTH STAR HORIZON, 

MICROMATION, IDS PRINTERS, 

APPLE II 

S-100 Bus Products 

SOFTWARE currentlv available: 


AR, 6L, AP, Inv., Payroll, 

Word Processing, and Dental 

Office Manager. 


D 
170 Main Street 

Nashua, NH 03060 
D603/883-2386 

m 1croN Ov A• ,, • •r•;puert'd 
H~tl>Clm111r'. ol 0t)HI Gt' n t , 11 Cot&> 

Circle 76 on inquiry card. 

Turn your Hobby into a Profit 

New England based Computer 

Dating Business for Sale 


Software, Forms, Marketing 

lnformano11, Active Files, 


Art1v.ork, etc. 


YANKEE DATA GROUP.INC. 

P.O. BOX 763 


MERRIMACK, NH 03054 

(603) 424-6942 


Circle 402 on inquiry card. ---------...I (•APPLE)!

I 	 I
SUPER SALE 
I I 
I 16K Apple II $1039.951 

I II Apple Disk II I
I wlcontroller $495.00 I
I Apple Solt Cards $149.95 

Carrying Case $29.95 I 
I Super Mod $29.95 I 
I 
I UCATAN CORP. ••I P.O. Box !000
I 	 IDestin, Fla . 32541 

904-837-2022 I 

~:d~~!!;;:~~-J 

Circle .378 on· inqu iry card . 
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"'oi+ The EW-2001 A "Smart" VIDEO BOARD 
~ KIT At A "Dumb" Price! 

A VIDEO BOARD + A MEMORY BOARD + AN I/0 BOARD - ALL IN ONE! 

• STA TE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR I .C. 
• NUMBER OF I.C.s REDUCED BY 50% FOR HIGHER RELIABILITY• MASTER PIECE 
OF ENGINEERING• FULLY SOFTWARE CONTROLLED Priced at ONLY 

$199.95 
Basic Software Included 

SPECIAL FEATURES: • Programmable no. of scan lines OPTIONS : 
• S-100 bus compatible • Underline blinking cursor Sockets . . . . . . . . . . . . . . $10.00 

2K Stati c Memory• Parallel keyboard port 
• On board 4K screen memory 

(optional)* relocatable to main 
computer memory 

• Cursor controls : up , down , left, 
right home, carriage return (with Sockets) . . . . . . $45.00 

• Composite video 4K Static Memory 
*Min. 2K required ro r operation of th is board. (with Sockets) . . . . . . $90.00 

• Text ed iting capabi lities (soft
ware optional) 

DISPLAY FEATURES: Complete unit , assembled 
and tested with 

• Scrolling: up and down through 
video memory 

• 128 displayable ASCIJ charact
ers (upper and lower case alpha
numeri c, controls) 

4K Memory . . . . . . . $335.00 
Basic software on ROM . $20.00 
Text editor on ROM .. . . $75.00• Blinking characters 

• Reversed video 
• 64 or 32 characters per line 

(jumper selectable) 

• Provision for on board ROM 

• CRT and video controls fully 
programmable (European TV) 

• 32 or 16 lines 
(jumper selectable) 

DEALER 

• Screen capacity 2048 or 512 INQUIRIES WELCOMED 
• Character genera t i on: 

7 x 11 dot matrix 

Tl PROGRAMMER $53.9 
Hexadecimal. Octal. Decimal. 
Enter a number in base 8, 10, or 16. Tl Programmer can 

uickty convert to either of the other bases. Rapidly ha 
rithmetic in alt three bases giving you more time for im 
nt programming or troubleshooting tasks . 

Ideal for use with any size computer. Tl Programmer u 
integer "two 's complement" arithmetic in hexadecimal 
octal bases. 

$44.95 
DATA CHROM 

----Large, easy-to-read 8-d igit liquid crystal display . 
Clock mode displays time, day, date , and AM/PM. 
Stopwatch mode displays hours, minutes, seconds and tenths 
of seconds up to 9-59-59.9. 
Economical - you'll get typically 12 months normal operation 
on a single set of batteries. 
Attract ive-comes in brown vinyl wallet folder with insert 
pockets for business cards. Makes a neat addition to your 
personal or business accessories . 
24-hour alarm. 
Stopwatch records and d isplays tap and total elapsed times. 
Up to one-tenth of a second accuracy. 

SHIPPING: $3.SO 

--- California residents add 6% sales tax ----

ELEClRONlCS WAREHOUSE Inc. 
1603 AVIATION BLVD. Dept 

REDONDO BEACH, CA. 90278 ~ 
TEL. (213} 376-8005 ~ 

WRITE FOR FREE CATALOG 

ASCII KEYBOARD KIT $74.00 

AdditionaJ Improvements : Double Size Return Key 
Control Characters Molderd on Key Caps 

• Power: +SY 275mA 

• Upper and Lower Case 

• Full ASCII Set 

• 7 or 8 Bit s Parallel Data 

• Optional Serial Output 

• Selecta ble Posi tve or 
Negative Strobe, and 
Strobe Pulse Width 

• 2 Key Roll-Over 

• 3 User DEfineable Keys 

• P.C. Board Size: 
17-3/16" x 5" 

OPTIONS: 

• Metal Enclosure Painted 
Blue and White $27.50 

• 18 Pin Edge Con. S 2.00 

• J.C. Sockets S 4.00 

• Serial Output Provision 
(Shift Register) S 2.00 

• Upper Case Lock Switch fo r 
Capital Letters and Nos. $ 2.00 

Assembled (on Sockets) 
and Tested $90.00 

APPLE II I/O BOARD KIT 
Plugs Into Slo t of Apple II Mo ther Board 

18 Bit Parallel Output Port I free software listing for 
(Expandable to 3 Ports) SWTP PR40 or IBM selectric 

I Input Port 
I 5mA Outi)ut 0.menl Sink 
or Source 

Ca n be used for peripheral 
equipment such as printers, 
floppy discs, cassettes, 
paper tapes, etc. 

PRICE: 
I In put and I Output 

Port for $49.00 
I Input and 3 Output 
Por ts for $64.00 

Dealer Inquiries Invited 



Computer Jargon Made Easy 

PUBLICATIONS 

1978-~.Self- Instruction Course in Design of Digital Systems 

~ 
computer 

Informative yet entertaining, Cartoon 
Computer Dictionary is ideal for anyone 
new to the world of microcomputers, 
especially younger people. It contains 
over 100 commonly used computer 
terms with easy to understand cartoon 
style illustrations. This book Is priced 
at $4.95 and it can be ordered from 
EDFAC Publishing Co, 3507 Hunter 
Cir, San Antonio TX 78230. • 

Circle 637 on inquiry card. 

Design of Digital Systems is a 6 vol  understanding of microprocessor and 
ume set for the engineer and serious elec computer design. These volumes are 

New Catalog on Microcircuitstronics and personal computer user. The priced at $19 .95. For further infor
course leads the reader step by step mation contact GFN Industries Inc , for Data Conversion 

through number systems and Boolean Suite 400, 888 Seventh Av, New York 
algebra to memories, counters and arith NY 10019. • 
metic circuits, and finally to a comple te Circ le 636 on inquiry card. 

I 

Dictionary 

Book Covers New FORTRAN Standard 

This 201 page book by Harry Ka1zan 
Jr covers the new FO RTRAN standard, 
FORTRAN 77, and its language cxte n· 
sions. It shows how FORTRAN's scope 
has been broadened in such areas as 
input and output (10) facili ties, da ta 
dec lara tion fac ili ties, subprogram faci li· 
ties, and !he use of integer expressions 
rather than simple integers. The book 
provides examp les, se man1ical descrip· 

226 February 1979 © BYTE Publiwions Inc 

lions, and speciall y prepared syntactical 
forms tha1 provide specifica tions of new 
FORTRAN fac ilili es as well as those o f 
1he old 1966 FORTRAN standard . 

Language characteristics such as 
statemenl slructurc and program organi
zation arc discussed. Data 1ypes and 
constants arc ;1lso described. Coverage 
of da1 a structures encompasses variables, 
character s tring p rocessi ng, and arrays. 
In forma tion on the struciure of expres· 
sions ranges fro m conventional FOR
TRAN ari1hme1 ic to rela1ional, logical 
and the new character expressions. The 
book explains how FORTRAN s1a1e
menls are executed, storage manage
mcn1, 1he new specifica tion statemen ts 
in FOWfRAN 77 , Lhe new ch aracter 
assignmcnl, varia tions inherent in 
1hc new control slalemenls, and the 
new block IF Facili ty for struc tu ri ng 
programmi ng. 

Appendices present generic funct ions 
and new facili ti es, and provide a syntax 
of FORTRAN 77 statements t11 a1 can be 
used as a handy reference, plus a syntax 
chart that al lows comparisons of FOR
TRAN 77 with its 1966 co un1c rpar t. 

FORTRAN 77 is priced at $1 6.95. 
Conlacl Van Nostrand Reinhold, 135 W 
SO th St, New York NY I0020.• 

Circle 638 on Inqui ry- card . 

This rccenlly published 48 page cata· 
log by Datcl Systems describes In de
tail a broad line of monolithi c and 
hybrid data conveners. The product 
line encompasses man y new state of the 
art products includ ing analog to digital 
and digital to analog converters, analog 
multiplexers, sample and holds, fas1 
operational amplifiers, voltage to fre
quency converters and ac tive fil te rs. 
These devices are specifically designed 
for a wide range of measurement, con
trol and instrumentation applications . 
To obtain this free catalog, write to 
Datel Systems Inc, 1020 Turnpike St, 
Canton MA 02021.• 



8 PIN .17 ~4 PIN 
~;--t--;:-,.j-.,...,,+~~I 14 PlN ..ZO 2 1!1 P IN 

f-c.,_.,.,1---0-'"'"' 16 PIN .22 40 PIN 

CRYSTALS U.4S e.. 
4 000 Mlll 
5"000 .,...Hr 

, L~~9rc00NLg~0c'-JoE 0 1 
N:J OW I R E 

6 l<IO ..UH 
aoooM1.i, 

1 0000 '0~1 
;g ~:~:: ::l~~?.: i ~ii •1

CTS 206·8 t't !]h l J'O\ thOn dip \W•IC.h •.• $ 1.6 0 
C rS-206-'1 lour ~l i l iOI"' dip switc h • · · .St.45 

;~~BT ~~1 ~= TEO SC R 's $ . lO 

SILI CON SOLA c L S 
2 " d l mt' O m 4.00 

fND 359 C.C. ,4" S.50 LED READOUTS 
FCS 8024 4 d•lil•I O L-704 C.A ..3.. $ . 15 
C,C. 8 " n 1w10 SS.9S O L 747 C .A..G"' SL "~ 
FNO 503 C.C . 5" S 85 F NO 8 0 3 C.C .8" S l.95 
FNO 510C. A•.5 " S 8 5 FN O 81QC .Q. 8 " S1.!)5 
01. 10" r c .c_ s as. 

REGULATORS 
$ 1.20 
s .60 
s .60 •• 

NO. 30 WIRE WRAP WIRE SINGLE 
STRAND 100' $1.40 

ALCO M IN IAT URE TO GG LE SWITCHES 
M t A 106 SPOT $ . 9~ 
MTA 2(16 Df)O T . S 1. 10 
MTA 708 f"·DPDT CE NTER O FF 
MSO 20S P· OPOT CENTEA O FF 
LEVER SWlTCH 

PA V IOA 

SOLID STATE SALES... ~af!JJ~m re~ff~ 

A PICTURE MAY BE TAKEN BY OUR CAMERA, 

STORED IN A COMPUTER JN REAL TIME AND THEN 

DISPLA YEO ON A CRT AT AN AFFORDABLE PRICE 


VIDEO COMPUTER
PROCESSING 

SYSTEM 
OUR VP1 VIDEO SYSTEM CONSISTS 

GRAY LEVELS OF THE FOLLOWING KITS: 
THE CAMERA WILL TAKE BETWEEN 
15 AND 100 FRAMES/SECOND. • CCD 202C SOLID STATE VIDEO 
THE CAMERA CONNECTS TO THE CAM ERA KIT (CASE INCLUDED) . $399°0 

THIS REMARKABLE VP-1 COMPUTER/ PROCESSOR WITH SEVEN LINES. THIS 

INTERFACE KIT HAS THE FOLLOWING: 
 INCLUDES VIDEO AND TIMING SIGNALS • VP-1 COMPUTERNIDEO INTERFACE

APPLICATIONSFEATURES KIT (3 BOARDS) .... . .... . ..... $599°0 

• CONTINUOUS SURVEILLANCE 

OUTPUT IN A 12Sx 12S MATRIX 


• IT PRODUCES COMPOSITE VIDEO 
• INSPECTION OF MOVING PARTS • ASSEMBLED SK MEMORY

FROM A DIRECT MONITOR CONNEC WITH PROPER STROBING 

TION USING SK OF MEMORY 
 BOARD (OPTIONAL) .. ...... ... $235°0 

• VISUAL GRAPHIC INPUT TO A 
COMPUTER 


S 100 BUSS 

• THE SYSTEM USES A STANDARD 

• CHARACTER OR PATIERN 
RECOGNITION• WILL NOT TIE UP COMPUTER THIS VIDEO COMPUTER KIT 

SOFTWARE WHEN NOT ADDRESSED • PICTURES MAY BE TAKEN DIRECTLY CAN WORK WITH THE GE,FROM A TV WITHOUT ELECTRICAL 

WHEN NOT ADDRESSED 


• IT DISPLAYS CONTINUOUSLY 
CONNECTIONS REDICON; OR ANY OTHER 

• THE INTERFACE KIT MAY BE USED• IT MAY PRODUCE PSEUDO COLOR 
128 x 128 SENSOR CAMERASEPARATELY AS A 12Sx 12S 


LEVELS, 4 BIT BINARY) 

AND/OR GRAPHICS (UP TO 16 GREY 

16 LEVEL GRAPHIC DISPLAY 

TRANSISTOR SPECIALSREGULATED 
2N62JJ-"'PN SWITCHI NG POWER $ I .OS .35

POWER SUPPLIES MAF-8004 a CB AF THmi1t~ NPN S .75 ,40
1N3771 N PN 5, TO J $ 1.00POWER SYSTEMS I PS1111 _,C)2N154G PNP GE T0·3 •• •• ••.• S .75 

115-230V 50 /60 ey , In 5vOC~t 35Aout . lll!llBIDllBl!lllli:Emill TO J2N41)08 PNP S• S 1 00 

2N605Ei NPN 51 10 3 O... hm1to" S I 70 


POWER SYSTEMS I PS1106 


6"ic 16~'·:. 15'.4"' 26 lbs. 1.hlpping"11Wigh1 $85.00 

2N 3820 P FET S 45 2N5066 PNP S1 ro.n 4/S 1 00 

115·230V 50/60cy. In 12v DC at 15.6. ou1. 
 2N 5457 N FET S ,4§ '2N3137 NPN SI AF • •• , ••. .•.... S .55 

!5" ic 16Y.' ' x 5" 19 lb:!.. 1hlpplng weight_ S?G.00 
 2N2646 UJT S 45 

EA 900 TRIGCE:R 01 0 0ES 4 Sl 00 ::!'N3'9 19 NPN $ 1 TO -J RF S 1.SO 
2N 6028 PAOG UJT S Q5 2N1420NPNSI T06 .. . ... 3/$ 1.00 

2NJ76~ NPN S1 TO 66 S 70C M S DIODE CLAMPED) MINIATURE MULTI·TURN TRIM POTS 'JN'Z'J'}'l NPN S1 TO 18 SIS 1 00 
::~ = .!: :~;: - ~ :~s: = ~: ;:~= , :~~ 100, 1K, 2K, SK, 10J<, 20K. SOK, 100K, 2N305"~ NPN 51 lQ.J S .50 22t.JF JSV !tf 51 00 68UF 3511 4 J$! 00 
4006 - 9S 4071 - 90 4053 - 1.10 H C86 - .40 .,_.._K_. _ _ _ . M....... .........s..,1• -· -J·/S2,....oo200 500K... 2M ,. ..···" - .._.. 2N390d NPN S1 l0 ·9' 6 /$ 1.00 47UF 35V 51$ 1 00 IOUF 10V S .25 

2N3g06 PNP S1 TO 92 6 /$ 1.00 68U F J5V 5 St 00 22Uf 25V S 40 
4009 - l7 407J • 18 4066 - 10 74Cl51 1,40 
4001 - 18 4017 - ..90 4055 - 1 75 7•C9l - .15 CHARGED COUPLE DEVtCES 

?N52'9GNPNS1T0.220 S SO IUFJSV 5$ 100 15UF 35V 31$1.00 
cco201c10011 tOOlm111;eS.,'tlOt •.•. S'!JS.00 2N6 109PNPS1T0:>20 . s 55 i2 UF 20V~SIOO 30UF6V S/S1 .00 
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CCD 202C~D• 1~ lm•tJ9 S•nuu • •• • •S1 4 S.OO tNP~6l, ;~~NSS{?. ~, •.••••• . 11$ 1 -~ ~.i~~ ~~~ :~~~ -~ :;~~ ~~~ ! :~~ 
..0 11 - 1e .aon - J1 ....,10 10 74c114 1.os 
..013 - 29 ,.0'8 - 80 74COO - 22 74Cl7! 1.05 ~:l~·~~d 118~A1 / ~6·.. ;1~0i.· ~id~' :..'il! :-.:.i!i:-.. 100UF 10V $ .40~~D~; ~:oo:; •-n-L-IC_S_E_R_l_E_Smjl~!~~.i!!:~r .....,i!oi:~~;~~·
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DIP IC's wl ,,, bunH '°' gow., IUDPIV C:Ot'tnKIOt . 7401- .13 7448- .ea 1•1&5- .u l.MJOl n 'I 1$ 
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,. l KIO ltll.llJJ ..7402- ,13 1•&0- .ts 1•157- .ss ,,.....,, _ l M301 - .JO.. 
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BYTE februuy 1979 227Circle 340 on inquiry card . 
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VA~C3UAl?[) 
l CJI\ STATIC ~AM 
Designed fo r IEEE 5100 Bus 

Stanaards. 

Fully static and fully buffered . 

Configured as four 4K blocks 

within a 64K address space. 

Each block separately address

able and write-protectable. 

Componen ts and assembly 

fully burned-in and tested . 

One year guarantee. 


Assembled Kit Board 
250 nsec chips $340. $300. $35. 
450 nsec chips $300. $260 
Order direct by check , Visa or 

Master Charge. Cali fornia resi

dents please add 6~% tax. 


~ 
Advanced Memory Technology 
480 Mercury Drive, Sunnyvale, CA 
(408) 736-3864 94086 

Circle 4 on inqui ry card. 

CANADIANS 

Announc ing 

HAMILTON LOGIC 

SYSTEMS 

Spec ializ ing in logic 

devices , microproce5sors , 

memorys , TTL . Cmos 
etc . 

Send for your catalogue 

Box 7 

STONEY CREEK 

ONTAR IO L8G 3 X7 

Circle 157 on inquiry card. 

• WE SHIP FROM STOCK e 
: TELETYPEMODEL43 .. . .......... $985.00 : 
e wlth RS Zl2 ...... . .. . . .. .. . . $1085.00 
e HAZELTINE 1600 . • 995.00 
e M9900 MARINCHIP CPU 
• Kit : .. .... $560.00 Assembled: $700.00 
: P_ROMI RAM /SIO 
e Kot: • . . . . $275.00 Assembled: $350.00 
e M9900 SYSTEM 
• Assemblud and Tes ted Including: Tarbell Oisk Con· 
• 1m~lcr . PerSci 2n Oisk Drive & CJblnct, IMS St.lJ lic 
: Rom64 K. olt in a TEI S-100 Bus $5.000.00 
e PER SCI Modol m 
• Dual Oisk Drive, single density . . . . ..... $1210.00 
• Slimlino Cablno1 w / Power supply . • $299.00 
• IMS MEMORY BOARDS 16KB, 
• FULLY STATIC Tested and burned in. Uses 2114 
: low powo1 IC's .. . .. .. • . . . • • .. . . . .. • $349.00 
e S·100 MAINFRAME 
e 12 slo1, TEI Modol MCS-112 . .. ..... . $433.00 
• To Ordor: $10 shippiog for Tclotype, Holehino. 
• PmScl and Mainframe. $3 shipping fDf' other items. 
; 24 hr. shipping upon receipt of cenified check Of' 

e mooey orclef. Person.el checks: aUow 10 days. Credit 
e cards: 4% charge. NY residen1s add ta.x . 
• - We Expott 
• We havu no reader Inquiry numbaf . 
: Please call or writo. 
• JOHN D.OWENS A SSOCIA TES . INC. 
• 147 NORWOOD AVENUE 
: STATEN IS LAND. NEW YORK 10304 
• 	 Day, Evtmr;>g, Week.end, Holiday Calls Welcome! 
• (2121448-6283 (2121448-6298 
~ .......................... 


PASCAL -$2995 
COMPUTER 

Call (7 14) 
979-9920 

MONTHLY SPECIALS 
• 	 Floppy Kii {S I 00) 

SA 0D1 l loppy {8"1 & con1.. ..... $599 
• 	 Add On Floppy Drives 

SA 000/ 1 18") lloppy ............ S469 
SA 400 mini lloppy .... .. . .. .. . . . $285 
Penec FD 200 ... ........ .... .. .. S285 
Pe~ec FD 514 . .. .. .. ..... .. $479 

• 	 Cenl1onics 779 prinle• .......... S999 
Cen lronics P1 .. . ...... . ....... . . S399 
Centronics 700/W lraclor ..••. $14 75 

• 	 Miscellaneous 
Tarbell Conlroller Kii .. .......... S 185 
CP/M Oper.11ing Syslern/Manuals S89 
0· Verbatim Diskelles .... . ..... . 53.99 
5· Diskelles .......... .. .. . .. .. . $3.39 
16k RAM chips .. .. .. .... .... .. ... S9.75 
Pw1 Supply cabinet (mini tloppy) ... S79 

Circl e 74 on inquiry card. 

NATIONWIDE -- 

PROFESSIONAL 
PLACEMENTS 

• Hardware Engineers 
• Software Engineers 
• Technical Write rs 
• Techn icians 

JUDGE 

ELECTRONICS SERVICES. INC. 

Two 	Newton Execu tive Park 
Newto n,M A 021 62 

(6 17) 965·970 0 

Circle 202 on Inqui ry card. 

TRS-80 QUALITY 

Field-tested Software 
WORD PROCESSOR Helps prepare letters. 

manuals , books Use d1skett.e hie lor te•t . Page, 

line conLrol. cent.ermg. margin 1ust.il1cat.1on. etc. 

Disk ctte $35 Lo vel 111 6K vars. $25 


MAIL Lets you encer. display , search, update . 

delete name & address info Lallels sorted on 

name, si.ate, c1t.y or zip ordar and pnnt.ed or· 

dtSplayed. 

Diskette $35 Level II 1GK $19 


DISKETTE DATA BASE Mansger 32K required 

$49 

INVENTORY. Full inventory contr-ol 
Diskette $35 Level I or II BK $20 

KEY ACCESS: Blocking and hashing. OtSkeLte re 
Qlllred $16 

SORT & LINKED-LIST: Level II $16 

Level I or II 
Cassette data base "1Bnager [BK) $20 
St.eel< security info & analvs1s $ 1 O 
Check balance $1 0 
Stock & check $1 5 

MICRO ARCHITECT 
96 Dothan St 

Arlington MA 021 7 4 

Circle 218 on inquiry card . 

WILD & CRAZY 

ASSEMBLY 


PROGRAMMERS 

The number 2 manufacturer of 
stand alone POS terminals needs 
experienced assembly program
mers to help Introduce 14 new 
software based products In 1979. 
Challenging assignments cur
rently exist at all levels Including 
applications, diagnostics and 
systems software development. 
Great benefits Including yearly 
vacation to Europe. Starting 
salary 16-30K. Please call or write 
Dave Adams, (617) 246-2815. 
N.E. Recruiters, 6 Lakeside Office 
Park, Wakefield, MA 01880. 
Collect calls accepted . Strict confi 
dence assured. All fees. reloca tion 
and interviewing expenses assumed 
by compan y. 

16K RAMS & RAM CONTROLLERS 
16k x I DYNAM IC RAM •umll 

1 

• 200 NSEC ACCESS/3?5 NSE.C CYQ.E TitiES 
e 16 P IN (£RAM. IC DEV ICE/Tl\. a:M>ATIB.E 
• 	 ALL CH l ~S BlRt£O JN ~ 1z~·c AN) Ft.U .•Y 

ttsTEb. BOTH O't'NAM lCAt.L.Y t. STATICA.L.L.Y 
• 	 PR J CEIWITit DATA Sl-EET> 1 

e $ 76 . 00 IN OTY CJF B/THAT• s S9 . SO EAOi 
e S1J6 . DO JN OT"f' a: 16 /SA.vE ~U6. 00 

DYNAMIC M EMORY CONTROLLER MCl•IOl 
e C£N:RATE5 RAS/CAS ' REF~ TIMING 

FCR 16K TO 6 it K BYTE ~JES 
• foR JCE C"'l n-1 DATA SrEET >i Sl J.95 EACH 

MEMORY AODRE5S M UX/COUNTER MClll l lf 
e HUX ADCf~S.S t ~CQ.NTE~ FCA 

16K, TIJ 641( BYTE t-'EMCA l ES 
• PR ICE(W I TH DA.TA St-EETl 1 $12 .50 EAOt 

QUANTITY DISCOUNTS AVA I LAB LE 
ALL MOERS POSTPAI D. U.S. Fl..r-DS Cl-l INTERNAT l D>IAL 
~ERS, o-EO< CA ~ CR;leR . 'YISA/S.VMC ALSO 
.&.CCEPTED. ~ACCT.NJ, , EXP IRATl c:r..i OAlc, t. 
I NTERell.t« NJ , WITH S IGtEO MOEA . CAL.IF.RES I DENTS 
PLEASE AOC 61 SAL.ES TAX . PH:»E OROERS: 7 t4,633·4460 

~EASUIUEl'IT SYSTEMS & CCMROLS. INC. 
f'EMOAY DEV I CES DIVI S ION 

867 N'.RTH H.t.IN S T. , MANGE: , CA 9Z668 

Circle 217 on inqu iry card . 

cannounces 
out new proclud llne 

DA ISY On ecrHn WOAD PROCESSING with 
aMrlal 1arm1n.i. 

WPOAISY DA ISY with a bY 1lt in tn l for m a tttt. 

DATABASE A complatt d1I• man9mtnt 
whh on tcrttn updatln9. 

&y 1t1 m 

TSA/OS Our opu•lin9 ry tttm. lncludu • 
full ll bury of d il k. t trminat 1nd 
d" iudr luu.. 

RLASM A t1louubl1 llnk!n9 m a.c:ro t 1Mmbtu 
with linkin9 laadu •nd fYtnbo hc: 
chbupr. 

W• p ro, ide will tttttd productl 

with tht 1u ppo.1t you nNd on both co1111. 


- DEALER INQUIRIES INVITED 

39 Wl!U1m1 Drlu 
MDnrot. CT '06468 

12031 26 1·7963 

Circle 377 on inquiry card . 

http:1uppo.1t
http:16/SA.vE
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Circle 68 on inqu iry card . 

for a little Ill.ore than the cost of a 

Illicrofloppy, you can buy the best of 

the dual density 8 inch disc drives. 


For ordering promptly . If you include 
check or M.O. with your order, we 
will Include these two options$395... 	 hurryJ
absolutely FREE. 

ATTENTION TRS-80 & APPLE USERS 


A PRINTER FOR YOUR COMPUTER 
$g9500 
MODEL 35-80 for T RS-80 
Ready to plug into your 
expansion interface. 

MODEL 3S-PP 
for computers with 8 bit serial 
port. 

MODEL 3S-SS 
for computers with RS-232 
port . 

$1095°0 for 
MODEL 3S-AA 
Includes RS-232 card for Apple I I 
Specify model number on order. 

• 	 Ready to plug into your 
computer 

• 	 Very high quality print 

• 	 Completely refurb ished 
IBM 731 l /O 
Selectric terminal 
in a new table 

• 	 Upper & lower case 
removable type ball 

• 	 Special l / O interface 

• 	 Heavy duty re-mfg. IBM 
power supply 

We are pleased to announce that 
The Computer Factory has become 
an authorized sales/service center 
for the Industry-proven Excello 
Remex line of disc drives. To cele
brate this event, we are offering, for 
a limited time, the Remex RFD1000B 
Disc Drive at an introductory price of 

TERMS: VISA, MASTERCHARGE, 
Cash ier Check or Money Order. 
C.0 .D. with 10% down. 

Shipping Via Ai r or Truck collect. 


3 S SALES 
P.O. BOX 45944 
TULSA, OK 74145 
918/622-1058 

$395. This is the lowest price ever 
advertised for a full size disc drive. 
This drive can operate In either 
single or double density mode, and 
can store up to 800 kbytes unfor
matted. It has been on the market for 
three years, and has been proven in 
the field. 

Remember that we are also a service 
center, and ready to service what we 
sell at rates that keep hobbyist and 
small OEM budgets In mind. 

BONUS OFFER: 

We will include two important 

options - Optical Write Protect and 

a Door Lock Mechanism (prevents 

opening door when head is loaded) 

- list price value $50. for only $25. 


The Computer Factory 
P. 0. Box 155 
Arlington Ma. 02174 

Name 

Address 

City State Zip 

Disc Drives @ $395. 
Options Packages @ $25. 
ShlPPlna 1$6.00/drlve) 
Tex (Mess. Residents) 
TOTAL 

0 Check or M.O. with order . 
(Get free options package) 

0 C.O.D. (Include 25% with order) 
0 M.C.# 
D Visa# ___________ 

Signature 

Ci rc le 364 on inqu iry card . 	 BY TE February 1979 229 



FOR SALE : 6800 microprocenors. Have more 
than I need. Atl new parts. $12 each. Mi ke 
Connolly. 791 1 Langdon, Houston TX 77036. 

FOR SALE: Heath H9 video terminal. Up and 
running, ell documentation. $425 end I pay 
shipping. Andy Thornburg, AR2, Thomp1<>nville 
IL 62890, (618) 627·2166. 

FOR SALE : H11th ETS-3400 microprocessor 
course end tra iner, mint condltlon. expertly 
anembled, including all study materials and final 
examination, $250. 36 K of Motorola MCM6605 
4 K' 1 dynamic programmable memory chips, 
ceramic. removed from new boards , tested and 
meet full specs 1470 ns) . Complete memory 
design uting these chips is outlined In tho M6800 
applications manual. $75. M6800 applications 
manual, M6800 programming reference manual, 
both for $20. All new. unused parts for complete 
unregulated power •upply . Highly filtered +5 V 
(25 A), -5 V (3 A). ±12 V (3 Al. Chauis included, 
$60. William Blair. PSC 1 Box 81042. Oavis· 
Monthan AFB AZ 85707. 

FOR SALE : DEC PDP·Bm. mint, wi th teletype 
Interface. with 4 K core memory, $1100. Wi th 8 K 
core memory. $1800. B K MOS board. $4 75. Most 
peripherals and software available, rapa in and 
custom intarfecing, 1ynems consulting, trades. 
POATACOM, briefcase, impac:t, ASCII terminals 
complete w ith modems. Reconditioned. With 
manuals $595. New cost Is $1600. New boxed 
ASA 33, $1100. Used. $595. K2DCY, POB 632, 
W Caldwell NJ 07006. 1201) 226·91 B5 evenings. 

FOR SALE: Digital Group Z-80 microcomputer. 
with 34 K static prog<ammeble memory , 4 10, 
16 by 64 TVCF. two Phidecks, Phlmon, cable, and 
more. Less then one veer old. beautiful. complete 
system. $2000. P Santi, 73 Tamerack St, Mahlo· 
modi MN 55115, 1612) 373-7B73. 

FOR SALE : Heath H11 computer (LSl-11 basedl 
with 16 K bytes programmable memory , serial 10 
board, parallel 10 board. H10 paper tape reader( 
punch, EISIF IS extended lnllructlon chip, docu· 
mentetion, software. 100 percent assambled and 
tested . $1800 or bast offer. Dave Morrill, 1260 NW 
17 Av #4 , Rochester MN 55901 , (5071 282-075B 
evenings. 

FOR SA LE: Telewpe model KSR·35, heavv dutv 
ASCII hardcopy, $450, call about demonstration 
and delivery. Two (2) OSI 420 memory boards. 
$75 each. S P Smith , 106 E Clearview, State 
Collage PA 16801 , (B14l 237·3BB6. 

MUST SE LL: S· 100 Equipment, all assembled and 
tested, w i th complete documentation. Three SSM 
8 K memory board• !model MB.SA) $100 each. 
Thinker Toys Keyed-Up B080 processor board 
$180. ECT BOBO Jump·on·Start processor board 
$100. Speakeasy Multiple 10 board wi th cassette 
system $90. ECT 20·Slot mother board w ith 
ground plane and 10 connectors $60. Send check 
or money order to : Dav id A Cook. POB 137, 
Boone NC 2B607, (7Cl41 264·3B6B. Please enclose 
SASE with all orders or enquiries. 

NEW UNCLASSIFIED POl/CY 

R.adlrr who h.-N ~ipm•nt, 1ofrw•rw or orh•r ir1m1 
to buy, ••II or ,..., ahould 1Ntd fn • t:IHrly 'Y/Hd norict 
10 rh•t •ff.ct To l» col'lliti.nd f01 pubHuriOlt, Mt Mint· 
ti'um.n1 muir m c/Hrly noncomm•n:i•I. ryp.d doubl• 
~d on plMn 'fllffllr. /UIM r. contMn 15 worm or l#u, and 
iMlui* t:otnf'l•tw nMt• a11d Mldr.r:1. Jttfarm•rlon. 

Th•u notk•• .,.. fr• of t:h•fge Mtd will I» p tintwd on. 
rim• only on • JP«• n•Jl•b# lMliL No tk •1 can I» llC· 
c.p twt/ from indi~idu11h or bona lit» compu/91 uun t:lubl 
only. K4J can •n~ in no cornnpontl«K• on thal• •nd 
yout ton fltm•tion of pl•nm.nt ;, aiPJM•,.nc:• ltt •n iuu• of 
liVTE. 

PIHH not• th" II may ,_. thtH or lrwr monrfli for .,, 
MJ ro .,,,.., In rM m.,.rlM . • 
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FOR SALE : 15 MHz portable osc illoscope, MS· 
15 by NLS. V irtually unused, $300 wi th 10: 1 
probe. SASE for detai ls. RL Harding. RD =2 
Box 10, Middlebury Ctr PA 16935. 

FOR SALE : JOLT processor fully socketed and 
assembled. unused JOLT prototVpe board. full 
documentation , and MOS 6502 hardware and pro· 
gramming manuals. $140 postpaid . Jack Ball . 
Rt 2, Durham MO 6343B, l314l 439-57B9. 

FOR SALE : Hard copy print out fpr your TRS·BO 
programs. For copyrights. documentation, de · 
bugging. Level I or Level II cassettes. Oual itv 
listi ngs bv tractor-feed printer on full size 14 7IB 
by 11 fan folded paper. $2 up to 4 K . $4 up to 
16 K . $6 up to 36 K . All orders shipped same day 
bv f i rst class mail . Lydia Urbassik . 13519 Carter 
Rd. Painesville OH 44077. 

FOR SALE : Digital Group Phi·Deck cassette svs· 
tem . Four computer controlled tape drives in 
handsome cabinet. controller. cable, documen· 
tat ion and software. 2 megabytes · on line (C-60 
cassettes) wi th anv system . $675 or best offer. 
Write John Ciaccia, 5707 Valley Pt, San Antonio 
TX 7B233, or call evenings 1512) 654-0338. 

FOR SALE : Digital Group Z·80 system, 34 K , 
four digital cassette drives (Phi·decksl . keyboard, 
moni tor; all software IMa•IBASIC, Business 
BASIC, assembler, chess. stertrek, etcl. Total 
price es kit over $3300. Up and running for $2900 
or bast offer. John Case. 6703 Timberhill, San 
Antonio TX 7B23B, (512) 6B1 ·7504. 

FOR SALE : SwTPC CT-64 terminal. wi th SwTPC 
CT-VM green phosphor monitor. $400. In e•· 
cellent condition and configured for 16 l ines of 
64 characten. Seriel interface is RS-232 with 
switch selectable bps rate. All documentation 
included. Will consider trade for printer with 
parallel interface. Ralph Solli, 117 Walklay Dr, 
Southington CT 06489, 1203) 621 ·3970. 

FOR SALE : Altair BSOO with lB slot mother 
board and 11 connectors, 2S 10 with both parts 
IRS-232 end teletypewriter!, 16 K static and B K 
dynamic memory. ASA 33 Teletype with paper 
tape input and punch, both RS-232 and teletYINI· 
wr i ter connectors, cables and stand. BASIC oper· 
at ing software and documentation . North Star 
floppy disk with controller, DOS and BASIC, all 
documentation. Original cost over $3400, you pay 
$2250 and shipping costs. Francis Palms, 292 
Shawmut Av, Boston MA 021 IB, (617) 423-3899 
or 4B2-6983. 

FOR SALE : SwTPC multiuser board and 4 K 
BASIC. Assembled, fully socketed. tested- never 
used. $179. Steve Brainerd. 510 E Washington, 
Chagrin Fis OH 44022. 

WANTED: RCA COSMAC VIP, working or not . 
John Jensen, 704 Avocado St, St Cloud FL 32729, 
1305) B92·5015 evenings. 

FOR SALE : Kennedy model 330 cartridge tape 
drive for JM y, inch cartridge with serial read/write 
and control electronics and 4 trac k RAW head; 
Kennedy model 339 power supply for above tape 
drive (will power two decks) ; Kennedy ANSI 
compatible format control unit for above tape 
drive (will control four decks); rack mountable 
with all necenary cables and connectors and 
manuals. All equipment has never been used- in 
original certons . Asking $1 ,200. Also have some 
video terminal equipment. Ed Paul , 6 Pleasant St , 
S Natick MA 01760. 1617) 653-5297. 

FOR SALE : Heath H11 system . H11 . H9, H10. 
H11 ·1, two H11 ·2s. H11 ·5. and Hll-6. all as· 
sembled and tested, S2900. Richard Lyman. 
730 11th Av. San Francisco CA 9411 B. (415) 
3B7-1902. 

OLD MANUALS: SOS, XOS, IBM. NCR. Honey· 
well , UNIVAC. DEC. Burroughs, etc . Send SASE 
for list. R Rodgers, 50B Sumneytown Pk, North 
Wales PA 19454, (215) 699-8459. 

FOR SALE : Digital Group system; all or part : 
four B K stat ic boards, one 32 K board. 64 by 16 
display board, Phi-deck controller, two Phi-decks 
with cabinet, disk controller. mainframe cabinet, 
mother board. Z·BO processor. 10 board factory 
assembled and running. Will sell for 10 percent 
under ki t prices. John G White, 216 E 5th St , 
Por t Angeles WA 9B362. (2061 457·3917. 

FOR SALE : Sell i ng system to pay for house 
repairs. . . . wife insists . Six 4 K programmable 
memory boards (IMSAI programmable memory 
board 4A-4 w ith software memory protect) $120 
each , all six for $650. One BK programmable 
memorv board (Ithaca audio) $1BO. One 2 port 
serial 10 llMSAI SIO 2-2) $150. One multiple 
port 10 (IMSAI M 10, one serial , two parallel, 
one cassette tape port) $190. One I MSA I BOBO 
mainframe (includes chassis. Power supply. front 
panel , microprocessor. 22 >IOI mother board) 
$700. One IMSAI floppy and controller (Calcomp 
142M in cabinet, FOC 2·1, FIF and cable, use• 
separate BOBO and performs OMA trensfers from 
controller to system microprocessor address space) 
$1 B50. One Lear Siegler AOM-3 video display with 
upper/lower case. $700. All hardware work ing 
and accompan ied by available documentation. 
Buyer pay> shipping. Ed Reich , 805 N Cleveland 
S1, Arl ington VA 22201 , 1703) 243 -3131 after 
6 PM EST. 

FOR SALE: Altair BBOOA, 12 K, Universal 10 
board (1 serial 1 Parallel and 3 Cassette ports · 
KC standard with motor control and monitor in 
read only memory) . Heathkit H9 term inal. As· 
sembler and text editor. Assembled and tested. 
All reasonable offers considered, D Busse, 1510 W 
Dempster. Mt Prospect IL. 1312) 364-0147. 

FOR SALE: SwTPC MP6800/I w i th 32 K memory , 
OMA controller for PerSci mode l 277 dual floppy 
drive, AC·30 2 MP·S boards, MP·T, erasabl e read 
only memory programmer. CT-1024 w ith cu rsor 

•control and RS232, $1500. LA-36 Decwriter excel· 
lent condition with coa:s.ters and dust cover, $1400. 
John Sterne, 3880 San Rafael Av, L os Angeles 
CA 90065, (2t3) 225·2471 . 

FOR SALE: Brand new Al tair BBOOB Microcom· 
puter. 32 K memory, two serial ports, ACR cas· 
seue interface, Radio Shack tape recorder, pro· 
grammable memory board, programmabl e mem· 
orv bootstrap loaders, 3202 dual disk , ADM·3A 
terminal, Altair 8 K extended-disk BASIC, DOS, 
10 Dysan diskettes. BASIC programs. Best offer 
over SB,000. B Verner. 114()4 Woodland Dr. 
Lutherville MD 21093, 1301 I B28-8422. 

FOR SALE : CONRAC 23 Inch black and white 
television monitors. BOO line resolut ion. Accepts 
composite video input or ex.ternol sync . 75 ohm or 
high impedance i nput. Capable of '" loop through " 
operation. Heavy duty cabinet equ ipped wi th studs 
for suspension mount, $200. R Meushaw, 4 lBB 
Brittany Dr, Ellicott City MD 21043, 1301) 465· 
BBB2. 

FOR SALE : ALTAIR BBOOB wi th 20 connectors. 
3 to 4 K static memory , BBPMC with BASIC 
4.0 boot programmable memorv and Polvmor· 
ph ic!BASIC progra mmable memory, 88ACR, Poly· 
morph ic video, SwTPC keyboard with case , 12 
inch black and white video display with video con· 
version, portable cassette player, 8 K BASIC 3.2 
and 4.0 patched for Polymorph ic video. System 
runs grea t but no t ime to enjoy . Sell all for $2500 
or sell ma inframe only for $900. C E Chase, 
1640S Donmotz St, Granada Hill s CA 91343. 

FOR SALE : RAOAR 1200 bps programmable 
memory dump and restole rout ine for SWTBUG 
land o thers wi th minor modificat ions I and ACJO 
no hardware modifications. Loads 8 K in 94 sec· 
ond. Nine times faster than SWTBUG. E•tremelv 
reliable, with error correction capabili ty. 5 12 bytes. 
Objec t tape, relocator. i n ~tructions. 520. G Trol · 
lope, 466 Caswallen , W Chester PA 193BO. 

WANTED o Two i tems : one usad V iatron 21 type · 
writer robot. with documentation and on e used 
parallel-out, ASCII encoded keyboard, prefer 
separate numeric pad. R J Hartwick, 115B Ri ve r 
Rd, Trenton NJ 0862B. 

http:pl�nm.nt
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Circle 30 on inquiry card . 

____________________...,,.....,.......________
..--------- • ---------,
I BECK/AN ENTERPRISES T All Prime ?.::~Zion-G~a~t~:rts Only 
EDGE CARD CONNECTORS: GOLD PLATED. 

BODY : Non briule. solvent resis tant. high temp, G.E. Valox . The finest you can buy . 

CONTACTS: Bifurcated Phos./Bronze; Gold/Nic~el .

I ALTAIR S·100: Cont .ICtrs . . 125" Row Spacing, .140" 


1

501100 Dip Sold. $3 .95 ea. 5 pcs . 

50/100 Sold. Eye. " 6.95 ea. " 5 pcs . 


IMSAI S·100: Cont./Ctrs ..125 Row Spacing, .250 


1

50/100 Dip Sold . S4 .20 ea. 5 pcs . 

50/100 W/Wrap 3 3. 75 ea. 5 PC'
IMSAI CARD GUIDES · 0 .19 ea. 5 pcs . 


CROMEMCO S 100: Cont./Ctrs .125" Row Spacing . . 250" 

I
50/100 Dip Sold. $6.50 ea. 5 pcs . 

IOr short W/Wrap) 


I
.loo" Contect CO$.,.l~~:E0:~::~~~TORS AVAILABLE 


22/44 Dip Sold. 2.30 ea . 5 pcs. 


1

25150 Sold. Eye. 2.95 ea. 

40 /80 Sold . Eve. 4 .80 ••. 

43/86 Dip Sold. 4.90 ea. 

43186 Sold . Eye. 4 .90 ea. 
" ... 156 Conlect Ctrs., .140 Row Seoclna. 
61- Sgle . Row IPETI Sl .00 ea. 

1

I
22/44 Sold . Eve . (KIM) 1.90 ea. 


22/44 Dip Sold . (Kl M) 1.90 ea. 

43/86 Dip Sold. 4 .90 ea. 


1

.156" Contee I Ctrs., .200" Row Spxifl. 

15/30 W/Wrap 3 1.05 ea. 

22/44 W/Wrap 3 2.30 ea. 

36/72 Sold. Eye. 3.45 ea. 

1

36/72 Wtwrap 3 3.86 ea. 

43/86 W/Wrap 3 5.50 ea. 

5 pcs . 
5 PCS . 
5 pcs . 
5 pcs . 

5 pc:s . 
5 pc:s . 
5 pcs . 

. 5 pcs . 

5 pc:s. 
5 pc:s . 
5 pa. 
5 pcs. 
5 pa. 

I 
POLARIZING KEYS FOR ALL OF THE ABOVE : 
Specify: IN Con1ac1 or BETWEEN Con1ac1 : 

1 to 49 pcs. $0.10 ea. 50 pes./Up SO.OS ea. 

I 
~ 

12124 Pin .156" Cont ./Ctrs . . 200" Row Spacing. 
TIN PLATED CONTACTS. 

IDEAL FOR PET INTERFACE & PARALLEL USER PORT. 

SJ. 75 ea . 
6 .50 ea . 

SJ .95 ••· 
J .50 ea. 
0 . 16 ea. 

S6 .00 ea. 

$2 .10 ••. 
2 .75 ea . 
4 .50 ea . 
4 .70 ea . 
4 ,70 •• . 

$0 .90 •• . 
1.80 ea . 
1.80 ee . 
4 .70 •• . 

S0 .95 ea . 
2 .10 aa . 
3 .30 •• . 
3. 70 ea . 
5.00 ea . 

·-----2-S_S_.__ 

*Tl Sockets! All low profile solder tail 8 pin - 40 pin. 
1 cent per pin. 

The "Pro" fully encoded ASCII KEYBOARD by Cherry. Auto RE
PEAT feature, 5 special function keys. 300mA/5V. (Shown as 
mounted in 'The Case', Below) $119.00, 3199.00, 1D+IB9.00 

USED SYLVANIA The Dumb Terminal for Smart People 
12" MONITORS 80X24 with full 128 char. ASCU UC+LC 
Working: $69.95 font with all control characters displayed. 
Cold Chassis, 25 lbs. 300-19,200 baud RS232. 2nd font addressable 
With New P39 (GR) from keyboard in you-program-it 2708 for 
or New P4 (WH) APL, Graphics sets, etc. Plug In monitor 
Tube_ $99.00 1/0 connector, 110VAC and you are ready. 

1NCLUDES: 'The Case', Cherry Kbd. A used 
monitor, ESAT 200A, ell options except 
vector addressable cursor and modem. 
Bulletproof design and construction. 
Normally $675.00 What you always 
wanted your ADM3 to be: 
SYSTEM"A" $649.00 101$599.00 

"The Case" Beautiful and sturdy 
anodized aluminum case in deep black designed to contain the 

SUBMINIATURE CONNECTORS: (DB 25 SERIES. RS 232.) 

SAVE : BUY A SET: (1 DB25P. 1 DB25S, Any Hood.I 

DB 25P Mole Plug
DB 25S Female Socket 

$2.50 ea. 
3 .60 ea. 

5 pcs. 
5 pa. 

DB 51212·1 Grev Hood 1.20 ea. 5 pcs. 
DB 51226·1A Black Hood 1.30 ea. 5 pcs. 
D 20418-2 Hardware Set 0 . 75 ea . 5 pcs. 

1 Sec: $6 .35 ea. 5 sets : $6 .t 5 ea . 

NOTE : For Hardware. (D20418·2) Add S.65/Sei . 


WHISPER FANS 
Excellen1 for C'jlmputer cabine,J cooling. This is the most quiet fan you will find. Only 
measures 4 314 sQuere by 1)I deep . U. L. Listed. 

$21.00 ea. 5 pcs, $19 00 ea. 

$2.20 "" I 
3.40 ea: 
1.10 ea. 
1.20 ea. 
0 . 70 ••·1 

I. C. SOCKETS. GOLD. 
WIRE WRAP 3 TURN. 
14pln S0.36eo. 
16pln 0.3Bea. 

2708 EPROMS PRIME 
S14 .oo ea. 

I. C. SOCKETS. 
Dip Solder. Tin. 
14pin $0.15ea. 
16pin 0 .17ea. I 
8080 PRIME 

S9 .00 ea. I 
WRITE FOR LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE I 
WELCOME. 

WE ARE CONNECTOR (EDGE CARD) SPECIALISTS. IF YOU DO NOT SEE 
WHAT YOU NEED IN THIS ADVERTISEMENT. PLEASE WRITE us. WE WILL I 
REPLY. 

TERMS: Minimum Order $10.00: Add $1.25 for handling and shipping. All ordttrs I
over S25.00 in USA and Canada: WE PAY THE SHIPPING. 
NOTE: CA residont> please add6%sales tax . 

NO C.O.D. SHIPMENTS OR ORDERS ACCEPTED. 

MAIL ORDERS T
0 ·Beckian Enterprises 

P.O. Box 3089 
Simi Valley, CA 93063 

I 
I

..I 

THE FANTASTIC! 

MEMOREX FIVE-FIFTY 

•Hard and Soft Sectoring 
•Single and Dual Density 
•Double side co11[igurariot1 
as a relrofit at any time. 
•110/220v. 50/60Hz 
•Pin for pill comparable with 
Shugart 800,801 ,850,85/ 
(50 pi11 edge connector) 
• PRICE BREAKTHROUGH! 

$425 EACH 
Double Sided Retro[it$300 

LATEST REVISION: ESAT 200B (BILINGUAL) 
Stand Alone Single Board Communicating Terminal 
80X24 Standard Format $329.00Split Speed 110 to 19,200 Baud 
Two Fonts, 128 Char. ea. in 2708 EPROM 
Full Feature Cursor, Page Xmit., Scrolling 
5V@3A, 8"X14" Board. Requires only a 
keyboard and almost any monitor for the 
bes! ierminal for the money anywhere! 
Supplied with U&LC ASCII In one 
font, you mey easily program the 
other one. 

"New Items! TRS-80 APPLE Ad on Set-eight and a spare 4116 
Type Rams plus instructions $99.00. • Hene Laser Tubes .05-2 .0 
mW · metal $49.00 Glass $39.00. "CALL for unbelievable prices 
GS l/siemens s" floppy drives starting at $399.00. •our new 

ESAT 200A, and with a bezel cut out for the Cherry 'Pro' keyboard. catalog is .now outl Ask for your free copy. 

(installed as shown abovel Choose deep brown, light yellow, or Crim- t------"------------------------t 

son to accent or color code your installation. The only choice for Shipuing and Handling: St.face: $0.40/lb. Air: $0;75/lb., 1.00 minimum 

hard-use institutional and educational applications. $69.00 t.:al. Tax: 6.5% lnsuranc:e: $0.60 per $100.00 
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To get further information on the products advertised in 8 YTE, fl!/ out the reader service card with y our name and address. Then circle 
the appropriate numbers for the advertisers you select from the /!st. Add a T5 cent stamp to the card, then drop it in the mail. Not only do 
y ou gain information, but our advertisers are encouraged to use the marketplace provided by 8 YTE. This helps us bring you a bigger 8 YTE. 
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4 Advanced Memory Technology 22B 137 Federal Communications Corp 132 226 Micro World 77 319 Michael Shrayer Software 131 
3 AJA Software 1 B9 139 Fisher & Porter 1 B5 230 Mikos 216 320 Shugart 5 
B Ancrona 105 140 Forethought Products 6B 2 13 Mini Computer Supplies Inc 1 70 327 Ed Smith's Software Works 197 

10 Anderson Jacobson 1 B7 14 1 Foto·Fun B7 255 Morrow/Thinker Toys 15, Clll 32B Smoke Signal Broadcasting 65 
9 Apparat Inc 220 142 Gallaher Research Inc 6B 267 Mullen Computer Boards 74 326 SoftSlde 1 B9 

22 ATV Research 220 144 GFN Industries 95 266 mpi 167 321 Software BO 129 
23 AVR Electronics 220 150 Godbout Electronics 111 279 National Multiplex 127 335 SSM 65 
27 Base 2 Inc 97 154 H Geller Computer Systems 224 281 NEECO 99 340 Solid State Sales 2 2 7 
30 Beckian Enterprises 231 Grumman Aerospace CorporatJon 133 2BO Natronlcs Research 1 59 350 Southwest Technical 
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6B The Computer Factory of MA 229 1B8 International Electronic 2B8 PC Electronics 195 363 T echnical Systems Consultar\ts 79 

The Computer Factory of NY 49 Equipment Corp 1 79 301 Per Com Data 56. 57 364 3 S Sales Inc 151 , 229 
74 Computer Interlace Technology 22B 190 Ithaca Audio 21 1 302 Personal Software 106, 107 368 Terrapin Inc 16B 
72 Computer Lab of NJ 179 Ithaca Audio 93 303 Pet Shack Software House 192 369 Rohen Tinney 3 5 
75 Computerland 44, 4 5 197 JF Products 192 304 Phone I 43 371 Tora System Inc 224 
76 Computer Mart of NH 224 195 Jade Compariy 21 2, 21 3 306 Priority I 204, 205, 207 372 TransData Inc 191 

Computer Plus Inc 1 76 200 Jameco Electronics 20B. 209 305 Processor Technology 1 O. 11 373 Transit ion Enterprises 220 
77 CT Micro Computer 1 66, 19 1, 200 202 Judge Electronics 228 309 PAS 73 374 TransNet Corp 1 77 
83 Contract Services Associates 195 Lifeboat Associates 82 314 Quality Software 197 377 TSA Software 228 
87 Control Systems Inc 139 Lifeboat Associa tes 12 6 311 Quest Electronics 21 5 378 Ucatan 224 
BO Cromemco 1, 2 203 Mad Hatter Software 195 317 RACET Computer 189 3B3 US Brokers 152 
BB The Cybertron Co 152 216 Measurement Systems & Controls 115 Radio Shack B9 382 US Robotics 1 5 2 
91 Date Discount Center 1 69 217 Measurement Systems & Controls 228 313 Aank Peripherals of Canada Ltd 1 34 3B6 Upper Case Books 195 
Bl Datafacs System Inc 191 218 Micro Architect 228 322 RCA 53 394 Vector Electronics 1 i 8 
93 DataSearch 1 B9 222 Micro Mail 1 93 361 Remote S1etion Controls 1 52 396 Wintek Corp 1 B2 
B9 Delta Products 147 221 Micro Mort 224 31B RNB Enterprises 149 395 Worldwide Electronics 220 
88 Digital Pathways 1 7 3 223 Micromation 2 5 310 Rochester Data 1 69 400 Xitex 19B 
95DRCICAI197 224 Micro Pro International 51 316 S-100 19 1 401 Xite• 199 

100 ORC ITXI 2 19 227 Micro Puzzles 220 307 Sawyer Soltware 197 402 ·Yankee Data Group Inc 224 
115 Electrolabs 231 229 Mic rosette Company 2 20 312 SC Digital 177 
120 Electronic Control Technology 144 228 Micro Soft 76 Scelbi 41, 137, 155 
125 Electronic Systems 223 219 Micro Term 121 Scientific Research 71 
130 Electronics Warehouse 225 211 Microware 158 324 Seattle Computer Products 141 
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Filo: Designing a .Robot from Nature 
2 Ritter, Boney : A Microprocessor for the Revolution 
3 Loos: Use Your Television Set as a Video Monitor 
4 Lucas: Another Plotter to Toy With 
5 Schaeffer: The Eclectic Card Reader 
6 Franson: Assembling the ADM·3A 
7 Baxter, Daly: A Hobbyist Robot Arm 
8 Giacomo : A Stepping Motor Primer 
9 Lord: Fast Fourier for the 6800 

10 Stuck: Approaching Game Problem Design 
11 Raskin: Unlimited Precision Division 
12 Ciarcia : Build a Computer Controlled Security System for Your Home 
13 Wimble : Hamming Error Correcting Code 
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Scanner and Bulletin Board Tie for First 
Place BOMB 

Two articles tied for first pl ace in the 
November 1978 BOMB : " Hobbyist Compu· 
terized Bulletin Board," by Ward Christen· 
sen and Randy Suess (page 150), and "I've 
Got You in My Scanner! A Computer Con· 
trolled Stepper Motor Light Scanner, " by 
Steve Ciarcia (page 76). In second place was 
"The Sky's the Limit" by Joe Kasser (page 
48). The first and second prizes are $100 
and $50, respectively. 

The third place article was "A Multiuser 
Data Network " by Robert Bruninga (page 
120) ; fourth place was held by "Functional 
Approximations" by Fred Ruckdeschel 
(page 34).• 



The C3 Series is the microcomputer 
family with the hardware features, high 
level software and application programs 
that serious users in business and In· 
dustry demand from a computer system. 
no matter what its size. 

Since Its int roduction in August . 1977. 
the C3 has become one of the most suc
cessful mircocomputer systems in small 
business. educational and industrial 
development applications_Thousands or 
C3's have been delivered and today hun
dreds of demonstrator units are set up al 
systems dealers around the country_ 

Now the C3 systems offer features 
which make their performance com· 
parable with today's most powerful mini· 
based systems. Some of these features 
are: 
Three processors today, more 
tomorrow. 

The C3 Series is the only computer 
system with the three most popular pro
cessors- the 6502A. 68BOO and Z-80. 
This allows you to lake maximum advan 
tage of the Ohio Scientif ic software 
library and the tremendous number of 
programs offered by independent sup· 
pliers and publ ishers. And all C3 's have 
provisions for the next generation of 16 
bit micros via their 16 bit data BUS. 20 
address bits . and unused processor 
select codes. This means you ' ll be able 
to plug a CPU expander card with two or 
more 16 bil micros right in 10 your ex· 
isling C3 computer . 
Systems Software for three 
processors. 

Five DOS options including develop· 
menl. end user. and virtual data file 
single user systems. rea l time. time 
share. and networkable multi -user 
systems. 

The three most popular computer 
languages including three types of BASIC 
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plus FORTRAN and COBOL with more 
languages on the way And. of course. 
comple te assembler . edi tor. debugger 
and run time packages lor each of the 
system's microprocessors. 
Applications Software for Small 
-Business Users. 

Ready made factory supported small 
business software including Accounts 
Receivable . Payables. Cash Receipts . 
Disbursements. General Ledger . Balance 
Sheet. P & L Statements. Payroll . Per 
sonnel files. Inventory and Order Entry as 
stand alone packages or integrated 
systems. A complete word processor 
system with full editing and outpu t for 
matting including justi fication. propor 
fionat spacing and hyphenation that can 
compete directly with dedicated word 
processor systems. 

There are specialized applications 
packages for specific businesses. plus 
the vast general library of standard 
BASIC. FORTRAN and COBOL software. 
OS·DMS, the new software star. 

Ohio Scientific has developed a 

remarkable new Information Manage

ment system which provides end user 


The C3 Series 
f om a io Sc·entific. 

intelligence far beyond what you would 
expect from even the most powerful mini· 
systems. Basically, it allows end users to 
store any collection of information under 
a Data Base Manager and then instantly 
obtain in formation . lists. reports. 
statistical analysis and even answers lo 
conventional " English" questions perli· 
nenl lo in formation in the Data Base. 
OS-OMS allows many applicat ions lo be 
computerized without any programming! 
The new "GT" option heralds the new 
era of sub-microsecond 
microcomputers. 

Ohio Sc ientific now offers the 6502C 
microprocessor wilh 150 nanosecond 
main memory as the GT option on all C3 
Series products. This system performs a 
memory lo register ADD in 600 
nanoseconds and a JUMP (65K byte 
range) in 900 nanoseconds. The system 
performs an average of 1.5 million in· 
st ruct ions per second executing typical 
end user applications software (and 
that's a mix of 8. 16 and 24 bit instruc 
tions!). 
Mini-system Expansion Ability. 

C3 systems offer the greatest expan· 
sion capability in the microcomputer 
industry. including a full line of over 40 
expansion accessories. The maximum 
configuration is 768K bytes RAM . four 80 
million byte Winchester hard disks. 16 
communicat ions ports. real lime clock. 
line printer . word processing printer and 
numerous control interfaces. 
Prices you have to take seriously. 

The C3 systems have phenomenal 
performance-to-cost rat ios The C3-S1 
with 32K static RAM , dual 8" floppies . 
RS-232 port . BASIC and DOS has a sug 
gested retail price of under $3600 . 
80 megabyte disk based systems start at 
under $12 .000. Our OS-CP/M software 
package with BASIC. FORTRAN and 
COBOL is only $600. The OS-OMS 
nucleus package has a suggested retail 
price of only $300. and other options are 
comparably priced. 

To get the full story on the C3 systems 
and what they can do for you . contact 
your local Ohio Sc1entif1c dealer or call 
the fac tory at (216) 562-3101 

C3-8 wans Awa rd of Merit al 
WESCON ·7a as the outstanding 
microcomputer appl1ca11on for 
Small Business 



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

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

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

The S-100controller utilizes the amazing Western 
Digital 1791 dual-density controller chip .. . plus 
power-on jump ci rcuitry, 1K of RAM, 1 K of ROM with 
built-in monitor, and a hardware UART to make 1/0 
interfacing a snap. 

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

DOS, and DISK-ATE™ assembler/editor. Patches for 
CP/M* are also included. CP/M~ Microsoft Disk 
BASIC and FORTRAN are also available at extra cost. 

DISCUS/20™ is the really solid single/double 
density disk system you've been waiting for. We can 
deliver It now for just $1149. And for just $795 apiece, 
you can add up to 3 additional Shugart drives to your 
system. Both the hardware and software are ready 
when you are. 

Ask your local computer store to order the 
DISCUS/20™ for you. Or, if unavai I able locally, write 
Thinker ToysYM 120110th St., Berkeley CA 94710. 
Or call (415) 524-2101 weekdays, 10-5 Pacific Time. 
(FOB Berkeley. Cal. res. add tax.) 

*CP/M is a trademark of Digital Research. 
Circle 255 on inquiry card. 
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